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CHAP. L 


The Deſcription, the muking, andthe generelvſe * 


of the Setfor, 


LAS Seftor in Geometrie, is a figure com- 


ſubrenſes of the 


It conraineth 12 ſeuerall lines or ſcales, of which 7 are 


prehended of two right lines contain» 
| ing an angle at che center, and of the 
| circumference aſſumed by them. This 
Geometrical inſtrument. hauing two legs 
oontaining all varietie of an = & the: 
diſtance of the feere, repreſenting, the 
circumference, is therefore called by the 


— 
2 
No 
No 


generall, the others more particular. The firſt is the ſcale 
of Lives diuided into 100 equall parts, and numbred by 
5. 2. 3. 4. 5. 6. 7. 8.9. 10. 
The ſecond, the liues of Saperſiciss diuided into 100 
B 


vnequall 


2 The deſeription of the Lines. 
vnequall parts, and numbred by 1.1.2. 3.4.5.6. 7.8, 


10. 
4 Thechird, the lines of Solids, diuided into 1000 yne- 
qual parts, & numbred by 1. 1. 1. 2. 3. 4. 5.6.7.8. 9.10. 

The fourth, the lines of Sies and Chores diuided into 
y© degrees, and numbred with 10. 20. 30. vnto go. 

Theſe foure lines of Liner, of Swperficirs, of Solids, and 
of Sines, are all drawne from the center of the Seflor al- 
moſt tothe end of the legs. They are crawne on both the 
legs, tſtat every line may haue his fellow, All of hem are 

one length, that they may anſwere one to the other. 
And cuery one hath his parallels, that the eye may the 
better diſtinguiſh the diviſions. But of the parallels thoſe 
onely which are inward moſt containcahe true diuiſions. 

There are three other generall lines, which becauſe 
they are infinite are placed on the ſide of the Setter. The 
frſt a line of Tangents, numbred with 10. 20. 30. 40. 50. 
co. lignifying ſo many degrees from the beginning of 
the line, of which 45 are equall to the whole line of Smet, 
the reſt follow as the length of rhe Seftor will bearc. 

The ſecond, a line of Staats, diuided by pricks into 
60 degrees, whoſe beginning is the ſame, with that of 
the line of Tawgents,to which it is ioyned. 

The third, is the Aferidies line, or line of Rembs, diui- 
ded vuequally into * of which the firſt 70 are al- 
moſt equall to the whole line of Sms, the reſt follow vn- 
ro 84 according to the length of the Sefor, 

Of the particular lines inſerted among the generall, 
becauſe there was voyd ſpace, the firſt are the lines of Qu. 
drattre placed betweene the lines of Sine, and noted. 
with 10. 9. 8. 7. K. C. 5. 90. 2. 

The ſecond, the lincs of Segment: placed betweene the 
lines of Sines and Swperficves, —. into 5O parts, and 
numbered wirh 5.6. 7. 8. 9. 10. 

The third, the lincs of Inſcrubed bodies in the ſame Sphere. 
placed betweene the ſcales of Lines, and noted with D. . 
J. C. O. 7 

The 


The making of the Sector. 3 
The fourth, the lines of Equated ladies, placed between 
che lines of Lines and Solids, and noted with D. J. C. S. O. T. 
The fift, are the lines of Mettalls, inſerted with the 
liges of E bedies (there being roome ſufficient) and 
noted with theſe Characters. O. L H D. L. & u. 
There remaine the edges of the Sacter, and on the one 
haue ſer a line of Inches, which are the twelth parts 
of a foote Engliſh : on the other a leſſer lime of 7angents, 


to which the Gnomes is Redins. 
2 Of the making of the Sector. 


Et a Ruler be firſt made either of braſſe or of wood, 

like vnto the former figure, which may open and 
ſhut vpon his center, The head of it may be — the 
twelth part of the whole length, that it may beare the 
— foote, and yet the moſt part of the diuiſions 
may fall without it. Then let a moueable Gnomes be (et 
at the end of the moucable foote, and there turne vpon 
an A, ſo as it may ſometime ſtand at a right angle 
with the feere,and ſometimes be incloſed within the feet. 
But this is well knowne tothe workeman. - 

For drawing of the lines. Vpon the center of the Sector, 
and ſemidiameter ſomewhat ſhorter then one of the feet, 
draw an occult arke of a circle, croſſing the cloſure of the 
inward edges of the Secter about the letter T. 

In this arke, at one degree on either ſide from the edge, 
draw right lines from the Center, fieting them with Paral- 
lels and diuide them into an hundred equall parts, with 
ſubdiviſions into 2.5.07 10. as the line will bcare, but ler 
the numbers ſet to them, be onely 1.2.3.4.&c.vnto 10. as 
in the example. Theſe lines ſo divided, I call the lines 
or ſcales of Lui and they are the ground of all the reſt. 

In this Arke at 5 degrees on nr ſide, from the edge 
neere 7, drawe other right lines from the Center, and fit 
chem with Parallells. Theſe ſhall ſerue tor the lines of 


B 2 Then 
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The inſcription of ils lines. 
Then on the other ſide of the Scr in like manner, 
the Center & equall Semidiameter,drawe mother 
Ike Arke of a cirelg: & he ere againe at one neete degree 
on either ſide frõ he edge neere the letter & draw vi 
lines from the Center, and fit them wich parallelh. Theſe 
ſhall ſerue for the lines of Sinez. e 
At 5 Degrees on either ſide from ehe edge heeve ®_ 
draweother rig ht lines from the center, and fit them with 
parallels: cheſs ſhall ſerueFoe the lines of Sp . ** ? 
Theſe foure principall lines being drawne, and fitted 
with parallels, we may drawe other {ines in the middle 
berweene the edges and tlie lines of Lines, which ſhall 
ſerue forthe lines of ſeriled bodies, and others mo—_ 


the edges and the Su for the lines of mH. And 
the reſt as in the example. 


3 Todinidethe lines of Superficies. 


Sheng like 82 doe hold in the proportion of 
the ir hem ides duplicated, by the 29 Pro, 6 lib. 
Exclid. If you ſhall find meane proportionals between the 
whole ſide, and each hundred part of the like ſide, by the . 
13 Pro.6 lib. Faclid. all of them cutting the ſamie lime, that 
line ſo cut ſhal conteine the diviſions required. wherefore 
vpon the center A and Semidiamiter equall to the line of 
Lines, deſcribe a Semicixcle 40 P, with A B perpendi- 
cular to the diameter C D. And let the Semidiameter AD 
be divided as the line of Lies into an hundred & A 
E the one halfe of AC diuided allo into an hundred parts, 
lo ſhall the diuilions in A E be the cenrers from whence 
you ſhall deſcribe the Semicireles C 10. C20, C 30, &c, 
dividing the lin A & into an hundred vnequalt parts: and 
this line A B ſo diuided ſhall be the line of 8#perficies, and 
muſt be transferred into the Secter, But let the numbers 
ſer to them be onely 1. 1, 3; 3. vnto 30,88 i the example. 


4 7. diaide the lines of Solids. 


8 Eing like Solids do hold in the proportion of their bo- 
molegal ſides triplicated, if you ſhall finde two meane 
proportionalls between the whole fide & each thouſand 
par: of the like ſide : all of them cutting the ſame two 
right lines, the former of thoſe les ſo cut, ſhall eont aine 
the diuiſions required, ' 
Wherefore vpon the center A & Semidiameter equall 


to the line of Lines; deſcribe a circle and diuide it into 4 


equall partsc x A D, drawing the croife dramerers C , E 
D. Then diuide the ſemiciameter 4 tt into 10 equal 
parts, and berweene the whole hne H © & Ache renth 
pare of A C,ſecke out two meane proportional lines of F' 
and A H. againe berweene 4 D and AG being two' 
tenth parts of A C, ſeeke out two meane proportiomals 
AL ant A K, and ſo forward in the reſt. $0 ſhallrhe ine 
A be duiided into 10 ynequall parts. 1 
. B 3 Secondly 


% 
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Secondly, dinide each tenth part of the line 4 C into 
to more, and betweene the whole line 4 D, and each of 
them, ſeeke out two meane proportionalls as before: $0 
ſhall the line 4B be diuided now into an hundred vn- 
equall parts. 

Thirdly, If the length will beare it, ſubdiuide che line 
C once againe, each part into ten more: and betweene 
the whole Ine D and each ſubdiuiſion, ſceke two 


meane 


The infeription of the lines. 5 
meane proportionalls as before. So ſhould the line 4 B 
be now diuided into 1000 parts. But the ruler being 
mort, it ſhall ſuffice, if thoſe to which are neareſt the 
center be expreſſed, the reſt be vnderſtood to be ſo diui- 
ded, chough actually they be diuided into no more then 
or 2. — this line 48 fo diuided ſhall be the line of 
Solidr,and muſt berransferred into the Sector : Bur let the 
numbers ſet to them be onely 1. 1. 1. 3: 3. &c. vnto 10. as 
in the example. | 


5 To dinidethe lines of Sines and Tangents on the 
ſide of the Sector. 


Pon the center A, and ſemidiamerer equall to the 
line of Lines, deſcribe a ſemicircle A B CD, with 4 
B, perpendicular to the diameter C D. Then diuide the 
quadrants C B, BD, each of chem into go. and ſubdiuide 
each degree into 2 parts: For ſo, if ſtreight lines be drawne 
paral ell to the diameter C D,rhrough — their 
ſubdiuiſions they ſhall” diuide che perpendicular AB 
vnequally into go, 


L The inſeriptionsf the lines, 

And this line A B ſo diuided ſhall be the line of Sizes, 
and muſt be transferred into the Seftor. The numbers ſet 
to them are to be 10. 30. 30. &c. vnto go as in the exam» 


e. 

p If now in the poynt D, vnto the diameter C D, we 
ſhall raiſe a perpendicular D E, and to it drawe ſtreight 
linesfrom the center A, through each degree of the qua- 
drant DB. This perpendicular ſo diuided by them ſhall be 
the line of Tangents, & muſt be transferred vnto the (ide 
of the Sector. The numbers ſet to them, are to be 10. 20. 
30. &c. as in the example. Wn 

If betweene A and D, another ſtreight line G FE, be 
drawne parallell to D E, it will be divided by thoſe lines 
from the center in like ſort as D E is diuided, and it may 
ſerue for a lefſer line of Tangents, to be ſer on the edge ot 
the Setter. 

Theſe lines of Sus and Tangente, may yet otherwife be 
transferred into the Seer out of the line of Lines, (or ra- 
ther out of adiagonall Scale equall to the line of Lies) by 
tables of Sine: wad Tangents. In like manner may the 
lines of Saperficier , be transferred by tables of ſquare 
rooteszand the line of ſolids , by tables of cubique rootes: 
which ] leaueto others to extract at leaſure. 


6 To ſhew the ground of the Stor. 


1 A B, A C, repreſent the leggs of the Sector: then 
ſeuering theſe two A B, AC, are equall, and their 
ſections A D, AE, alſo _ they ſhall be cut proporti- 
onally : and if we draw the lines B C, D E, they will be 
allell by the ſecond Pro. 6 lib. of Ezclid, and ſo the 
Triangles A BC, ADE, ſhalbe equiangle j by reaſon 
of the common angle at A, andthe equall angles at the 
baſe, and therefore ſhall haue the ſides proportionall a- 
bout thoſe equall angles, by the 4 Pro. 6 lib. of Eaclid, 
| The 


The ground of the Set or: | 3 


The ſide A D, ſhalbe to the Tide A B, as the baſis DE, 
vnto the parallell baſis BC, and by conuerſion AB, ſhall 
bevnto AD, as B C, vnto D E: and by permutation A 
D, ſhall be vnto D E, as A B, to B C. &c. So that if A D, 
be the fourth part of the ſide A B, then D E, ſhall alſo be 
the fourth part of his paralell baſis B C. The like reaſon 
koldeth in all other ſections. 


7 Toſhew thegenerall uſe ofthe Secter. 


' Here may ſome cõcluſions be wrought by the Sector, 
euen then when it is ſhut, by reaſon that the lines are 
all of one length: but generally the vſe hereof conſiſts in 
the ſolution of the Golden rule, where three lines bein 
giuen of a known denominaton, a fourth proportionall is 
to be found. And this ſolution is diverſe in regard both of 
the lmes, and of the entraxce into the worke, 

The ſolution in regard of the liner is ſometimes ſimple, 
as when the worke is begun and enced vpon the ſame 
lines. Sometimes it is compound, as when it is begun on 
one kind of lines, and — 2 another. It may be begun 
vpon the lines of Linen & finiſhed vpon the lines of Super- 
ficies. It may begin on the Sies, — 


C The 


end on the Tangents. , 


— > Ent 


4474 


— 


10 The general vſciof the Seftor. 
The ſolution in regard of the entrexce into the worke, 
may be either with a paralell or elſe laterall on the fide of 
the Sector, I cal it parallel entrance, or entring with a paral- 
lell, when the two lines of che firſt denomination are ap- 
lied in the parallells,and the third line, and that which is 
Fought for, are on the ſide of the Setter. I call it lateral en- 
trance, or entring on the ſide of the Sector, when the two 
lines of the firſt denomination are one the ſide of the Se- 
for, and the third line and that which is to be found out, 
doe ſtand in the, parallells. 


Co — 0 


E 


20 B 
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As for example, let there be giuen three lines A, B, C, to 
which I am to find a fourth proportional. let A, meaſured 
in the line of linet, be 40, B 5o, and Co, and ſuppoſe 
the queſtion be this. If 40 TMonthes giue 30 pounds, what 
ſhal 60? Here are lines of two denominati6s,one of wonths, 
another of pont, and the firſt with which I am to enter 
muſt be that of 40 werthes. If then I would enter with 4 
perallell, firſt I tabe A, the line of 40, and put it ouer as a 
parallel in 30, rockoned in the line of lines, on either (ide of 
the Sector from the center, ſo as it may be the Baſe of an 
Iſoſcheles triangle B A C,whoſe ſides A B, A C are equal 
to B, the line of the ſecond denomination. 

Then the Secter being thus opened, I take C the tins 
of 60, berweene the feete of the compaſſes, and carrying 
them parallel to B C, I finde them to croſſe the lines A B, 
A C, on the ſide of the Secter in D and E, numbred with 

5, Wherefore I conclude the line A D, or A E, is the 
ourth proportionall and the correſpondent number 75 
which was required. 

But if I would enter on the ſide of the Seftor,then would 
I diſpoſe the lines of the firſt denomination A and C, in 
the line of Lines, on both ſides of the Seftor,in A B, A C, 
& in A D, AE, ſo as they ſhould all meete in the center 
A, and then taking C the line of the ſecond denominari- 
onput it ouer as ap ell in B C, that it may be the Baſis 
of the Iſocheles triangle BA C, whoſe ſides A B, A C, 
are equall to A, the firſt line of the firſt denomination, 
for ſo the Seftor being thus opened, the other parallell 
from D to E, ſhall be cs fourth proportionall which was 
required, and if it be meaſured with the other lines, it ſhal 
be 75,as before. 

n both this manner of operations, the two firſt lines 
do ſerue to opẽ the SeFor to his due angle, the difference 
berweene them is eſpecially this, that in parallel entrance, 
the two lines of the firſt denomination, are placed in the 
parallells B, C, D, E, & in latterall entrance they are placed 
on both ſides of the Socter, in A B, A D and in A _ E. 

C 2 ow 
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EF 


Norv in ſolution which is begun and ended,vpon 
the ſame kinde of lines,it is allone which of the two latter 
lines be put in the ſecõd or third places. As in our exiple 
we may ſay, as 43 are to 30, ſo do vnto 75, or elſe as 40 are 
to o, ſo 5ovnro 75. And hence it cometh chat we may. 
enter both with a parrallell,& on the ſides two manner of 
wayes at either entrance, and ſo the moſt part of queſtions 

may 
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may be wrought 4 ſeuerall wayes, though in the propo- 


ſitions following, I mention onely that which is moſt 
conuenient, Thus much for the — vſe of the Seller, 


which being conſidere d and well vnderſtood, there is no- 
thing hard in that which followeth. 


CHAP. II. 


The cſe of the Scale of Lines. 


1. To ſet downe 4 Line, reſembling any giuen parts 
or fract wp of parts. 


TX lines of Liner are diuided actually into 100 parts, 
but we haue put onely 10 numbers to them. Theſe 
ve would haue to ſignifie either themſelues alone, or 
ten times themſelues, or an hundred times themſelues, or 
a thouſand times themſelues, as the matter ſhall require. 
As if the numbers giuen be no more then 10, then we 
may thinke the lines onely diuided into 10 parts accor- 
ding to the numbers ſet to them. If they be more then 
to, and not more then 100, then either line ſhall con- 
taine 100 parts, and the numbærs ſet by them ſliall be in 
value 10. 20. 30. &c. as they axe diuided actually. If yet 
they be more then too, then euery part muſt be thought 
to be divided into 10, and either line ſhall be 1000 parts, 
and the numbers ſet to them ſhall he in value 100. 200. 
300, and ſo forward ſtill increaſing tliemſeſues by 10. 
This being preſuppoſed, we may number the parts and 
fraction of parts giuen in the line of /ines ; and taking 
out the diſtance with a paire of compaſſes, ſet it by, for 
the line ſo taken ſhall reſemble the number giuen. 

In this manner may we ſer downe a line reſembling 
7557 if either we take 75 out of the hundred parts, into 
which ont of the line of /mes is actually diuided,and note 
it in A, or 71. of the firſt 10 parts, and note it in B, or one- 
ly}. of one of thoſe hundred parts, and note it in C. Or 


1 


aner 
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if this be either to great or to ſmall, we may run a Scale 
ar pleaſure, by opening the compaſſe to ſome ſmall di- 
ſtance, andrunning itten times ouer, then opening the 
compaſſe to theſe ten, run them ouer nine times more, & 
ſer figures to them as in chis example, and out of this we 
may take what parts we will as before. 

To this end I haue diuided the lime of inches on the 
edge of the Seſtor, ſo as one inch containeth 8 parts, ano- 
ther 9, another 10, &c. according as they are figured, and 
as they are diſtant from the other end of the Setter, tliat ſo 


we might haue the better eſtimate. 


2 To encreaſe a line in a giuen proportion. 
3 Todimmiſh a line is a ginen proportion. 


Ake the line giuen with a paire of compaſſes, and 

open the Sector, ſo as the feete of the compaſſes may 
ſtand in the points of the number giuen, then keeping 
the Sector at this angle, the parallell diſtance of the points 
of the number required, ſhall giue the line — ty 


= a 4 43. = 
* Ls — — 
— 
— —_—_ 


— — EY — 2 a 
y= — * — 


Let A, be a line giuen to be increaſed in the proporti- 
on of 3 to 5, Firſt I take the line A4, with the com paſſes, 
and open the Sector till I may put it ouer in the poynts 
of 3 and 3, ſo the parallell betweene the poynts of 5 & 5, 
doth giue me the line B, which was required. 

In like manner, if &, bea line — to be dimin iſhed in 
the proportis of 5 to 3, I take the line B & to it open the 
Sector in the poynts of 5, ſo the parallell betweene the 
points of 3j, doth giue me the line A, which was required. 

If chis manner of worke doth not ſuffice, we may mul- 
tiplie or diuide the numbers giuen by 1, or 2, or z, &c. 
And ſo worke by their numbers equimwhiiplices, as for 3 

| an 
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and g, wee may open the Sector in 6 and 10, or eſſe in 9 
and 15, or elſe in 12 and 20, or in 1j and 25, or in 18 and 


30. &c. 


7 4 To dinide a line into parts gien. 
TE the . and open the Sector according to 


the length of the ſaid line in the points of the parts, 
wherevnto the line ſnould be diuided, then keeping the 
Sector at this angle, the parallell diſtance berweene the 


points of t and t ſhall diuide the line giuen into the parts 
required. 


A C B 

Ler AB, be the line giuen to be dinided into fue 
parts, firſt I take thisline A B, and to it open the Sector 
in the points of 5 and 5, ſo the parallell betweene the 
points of 1 andi, doth giue me the line A C, which doth 
diuide it into the parts required. 


* 10 17 as 
——— — — _ —7 — = = oo. — a a. 
A C : > 


Or let the like line A B, be to be diuided into twenty 
three parts. Firſt I rake out the line and put it vpon the 
Sector in the points of 23, then may I by the former pro- 
polition diminiſh it in A C, C D, in the proportion of 
23, to 10, and after that diuide the line A C into 10, &c. 


As before. 


5 To finde a proportion betweene two or more 
right lines giuen. 


Ake the greater line giuen, and according to it o 
T. e the greater line giuen, and 9 pou 
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the Sector in the points of 100 and 100, then take the 

leſſer lines ſeucrally, & carry them parallell to the greater, 

till they ſtay in like points, ſo the number of points 

wherein they ſtay, half ſhew their proportion vnto 100, 
A 


B 


—_ | 


2 | E D 


— 


Let the lines giuen be AB,CD,firſt I take the line CD, 
& to it open the Sector in the points of ioo, and ioo, then 
keeping the Setter at this angle, I enter the leſſer line 43, 
parallel] to the former, and find it to groſſe the lines of 
Lines in the poynts of 60. Wherefore” the proportion of 
ABtoCD, is as6o to 100, 

Or if the line C D, be greater then can be put ouer in 
the poynts of ioo, then [ admit the leſſer line A , to be 
ioo, & cutting off CE equal to A B, I find the proportion 
of C E, vnto D, to be as 100,almoſt ro — | a9 ta this 
way J proporti6 of AB ynto CD, isas 100 vnto almoſt 167. 

This propoſition may alſo not vnfitly be wrought by 
any other number, that admits ſeuerall diuiſions, and 
namely, by the numbers of 60. And fo the lefler line will 

be found to be 36, which is as before in leſſer numbers, 

as 3 vnto 5.It may alſo be wrought without opening the 

Sector. For if the lines between which we ſeek a proporti- 

on, be applyed to the lines of Lines,(or any other Scale of 

equall parts) there will be ſuch proportiõ found between 
them, as betweene the lines to which they are equall. 


6 Twolinesbeing giuen to finde a third | 
incontinuall proportion. , 


Pt place both the lines giuen, on both ſides of the 
Sefter from the Center, and marke the termes of their 
extenſion, then take out the ſecond'line againe, and to 
it open the Sefor,in thę terme of the firſt line, ſo keeping 

the 


The wt of the line a Lues. ty 
the Sector at tha angle, the para llell diſtance betweedſ the 
termes of the ſecond line, ſhall be the third proportional. 
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Let the tivo lines giuen be A B, A C,which I take out and 
place on both ſides of the Sector, ſo asthey all meete in the 
center A, let the termes of the firſt line be B and B, the 
termes of the ſecond C and C. Then doe I rake out A C the 
ſecond line againe, and to it open the Sector in the termes 
B B. So the parallell berweene. C and C doth giue me 
the third line in continuall proportion. For as AB is vnto 
AC; ſo BB, equall co AC, is — | 


'7 
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; Threeline: beivy, gines to finde the fourth 
F in — 4 


Bre the firſt line and the third are to be placed on both 

ſides of the Sector from the center, then take dut the ſe- 
cond line, and to it open the Setter in the termes of the firſt 
line. For ſo keeping the Setter at this angle, the parallell diſ- 
tance between the termes of the third line,ſhalbe the fourth 
proportional, 


Let the three lines giuen be A, B, C. 


ET 
G 


10 
i 


oO 


Pl 420 


Firſt I rake out A and C, and place them on berth ſides of 
the Setter, in A B, A C, and A D, A E, laying the beginnin 
of both lines at the center A, then do I take out B the ſecon 
line, according toit I open the Sector in B and C, the termes 
of the firſt line: ſo the parallell berweene D and E, doth 
giue me the fourth proportionall which was required. 

As m <Arithmetique, it ſuſſiceth if the firſt and third num- 
ber giuen be of one denomination, the ſecond & the fourth 
which is required be of another. For one andthe ſame de- 
nomination is not required neceſſarily in them all. So in 

; Gromerrie, it ſufficerh if che ſides A B, AD, binge 
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firſt and third lines giuen be meaſured in one Scale, and the 
llells B C, D E be meaſured in another. Wherefore 
nowing the proportion of A the firſt line, and C the third 
line, by * fitt prop. before. Which is here as $ to 12,6 deſce- 
ding in leſſer numbers is as 4 to 6, or as 2 to 3, or aſcending in 
greater numbers, as 16 vato 24, or 18 to 27, or 20 to 30, or 
30 to 45,0r 40 to Oc. If the Sector be opened in the points 
of g and 8, tothe quantity of B, the ſecond line giuen, then 
a parallell berweene 12 and 12, ſhall giue D E, the fourth 
line required, So likewiſe if it be opened in 4 and 4, then 
a parallell betweene 6 and 6, or if in 15 and 16, then a paral- 
10 betweene 24 and 24 ſhall gine the lame D E. And ſo in 
the reſt. 


8 To diuide « liue in ſuch ſort as another line 
is before divided. 


F. rſt take out the line giuen,which is already diuided, and 
laying it on both ſides of the Secter from the center, marke 
how farre it extendeth. Then take out the ſecond line which 
is to be diuided, and to it open the Sector in the termes of the 
firſt line. This done, take out the parts of the firſt line, and 
place them alſo on the ſame ſide of the Sector from the cen- 
ter. For the parallells taken in the termes of theſe parts, ſhalbe 
the correſpondent parts in the line which is to be diuided. 

Let 4 B, be a line diuided in D and E, and g C, the line 
which I am to diuide in ſuch ſort, as A is diuided. 

Firſt I take out the ſine A B, and place it on the line of 
Lies in A B, A C, both from the center A, then take I out 
the ſecond BC, and to it open the Sretor in Band C, the 
termes of the firſt line. The Sector thus opened to his due 
angle, I take out A D and A E, the parts of the firſt line A B, 
and place them alſo on both the ſides of the Sector in A P, 
AE, ſo the parallel DD, giueth me BF, and the parallell E 

E, giueth me B , and now the line B C, is diuided in F & &, 
si the other line 4 , in D and E, which is that Which was 
| D 2 requt- 
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A D 


* 4 


required. 

f the line AB, were longer then one of tlie ſides of the 
Ruler, then ſhould I finde what proportion it hath co his 
parts AD, AE, and that knowne I may worke as before in 
the former propoſition. 


9 Two numbers being giuen to finde a third 
in continual proportion. 


Irſt reckon the two numbers giuen on both ſides of the 
Fine, of Lines from the center, and marke the termes to 
which either of them extendeth, then take out a line reſem- 
bling the ſecond number againe, and to it open the Ster 
in the termes of che firſt number, forſo keeping the Sector 
at this angle, the ell diſtance berweene the termes of 
the ſecond laterall number, being meaſured in the ſame 
Scale, from whence his parallell was taken, ſhall giue the 
third number proportionall. 

Let the two numbers giuen be 18, 24, theſe being re- 
ſembled in lines, the worke will be in a manner all one, with 
that in the ſixt Prop. and fo the third proportionall 
number will be found to to be 32. 


10 Three 
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10, Three numbers being giumn to findea fourth 
in diſcontinuall proportion. 


T He ſolution of this propoſition, is in a manner all one 
with that before in the ſeuenth Prep. onely there 
may be ſome difficulty in placing of the numsers. To avoyd 
this, we muſt remember that — number being giuen, 
the queſtion is annexed but to one, and this maſt allwayes 
be placed in the third place, that which agrees with this 
third number in denomination, ſhalbe the firſt number, and 
that which remaineth the ſecond number, This being con- 
ſidered, reckon the firſt, and third numbers, which are of the 
firſt denomination on both ſides of che lines of Lines from 
the center, and marke the termes to which either of them 
extendeth, then take out a line reſembling che ſecond num- 
ber, and to it open the Sector in the termes of the firſt num- 
ber, for ſo keeping the Sector at this angle, the parallell diſ- 
tance betweene the termes of the third laterall number, be- 
ing meaſured in the ſame Scale from hence his parallell 
was taken, ſhall giue che fourth number proportional. 

As ifa queſtion were propoſed in this manner, 10 yards 
coſt 8 k, how many . may we buy for 12 E? heere the 
queſtion is annexed to 12; aud therefore it ſhall be the third 
number, and becauſe $ is of the ſame denomination, ir ſhzll 
be che firſt number, then 10 remaining, t muſt be theſecond 
number, ſo will they ſtand in this order, 8, 10,12. Theſe be- 
ing reſembled in lines, the worke will be in a manner the 
ſame, with that in che ſeuenth Prop. and the fourth pro- 
portionall number will be found to be 15. For as 8 aie to 
10, ſo 12 vnto 15. 

And this holdeth in direct proportion, where, as the firſt 
number is ta tlie ſecond, ſo the third to the fourth. So that it 
the third number be greater then the firſt. the fourth will be 
greater then the ſecond,or if the third number be leſſe then 
the firſt, the fourth will be lefle then the ſecond, but m 
reejprocall proportion, commonly called the Back rae, 

1 D 3 where 
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where by how much the firſt number is greater then the 
third, ſo much the ſecond will be leſſe then the fourth, or 
by how much the firſt number islefſe then the third, fo 
much the ſecond will be greater then the fourth. The man- 
ner of working muſt be contrary, that is; the Sector is to be 

in the cermes of the third number, and the parallel! 
reſembling the is to be found betweene 
the termes of the firſt n , the reſt may be obſerued as 
before, as for example. 


If twelue men would raiſe a frame in ten dayer, in how many 
dayes would eight men raiſe the ſame frams ? Here, becanſe the 
fewer men wonld require the longer time, though the numbers be 
12, 10,8, yet the fourth propertionall will be found tobe 15. 


So if 6o yards, of three quarters of a yard in bredth , wonld 
hang round 4 roome, aud it were required to know how many 
yards of balfe « yard in bredth, would ſerwe for the ſame rome. 
The fourth proportionall would be found to be 90. 


So if to make a forts ſuperficial, i a inches in bredth dus requir 
12 inches in length, and the bredth being 16 inches it | — 
to knowe the length. Here, becauſe the more bredib, tb gib, 
the fourth propor tional will be found to be g. 


Fo i to make a Solid foote, a baſe NA inches, require 12 
inches in height, and a baſe ginen 216 mches, it were re 
red to knowe how many inches it ſhall in height. The fourth 
| Proportional would be found to be 8. 


This laſt propoſition of finding a fourth proportionall 
number, may be wrought alſo by the lines of — 
by the lines of Soli. 


1 
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CHAP, III. 


The Vſe of the lines of & uper ficies. 


1 To finde 4 proportion between two or more like 
| Superficies. 


15 one of the ſides of the greater Swperficies 22 


according to it open the Sectoy in the points of 100 and 
100, in the lines of Swperficier, then take the like ſides of the 
leſſer Super ſicies ſeuerally, and carry them parallell to the for- 
mer, till they ſtay in like points, ſo the number of points 
wherein they ſtay, ſhall ſhew their proportion vnto 100. 


A — 4.0 whe 


Let A and B;, be the ſides of like Swperficies, as the ſides of 
two ſquares, or the diameters of two circles, firſt I take the 
fide 4 and to it open the Sefor in the points of 100, then 
keeping the Seetor to this angle, I enter the leſſer fide B, pa- 
rallell to the former, and finde it to croſſe the lines of Swper- 
ficies in the points of 40, wherefore the proportion of the 
Saperficies, whoſe (ide is 4, to that whole ſide is B, is as oo 
vnto 40, which is in lefſer numbers, as 5 vnto 2. 

This propoſition might haue beene wrought by 60, or 
any other number that admits ſeuerall diuiſions. It may alſo 
be wrought without opening the Sector, for if the ſides of 
the Saper fires giuen, be applied to the lines of Saperficies 
beginning alwayes at the center of the Sceter, there will be 
ſuch proportion found berweene them, as betweene the 


number of parts whereon they fall. 
2 To 
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2 To augment 4Super ficies is a ginen Proportion, 
3 To diminiſh a Super fictes in a ginen Proportion. 
128 the ſide of the Super ſties, and to it open the Seftor 
in the points of the numbers giuen ; then — the 
Sector at that ang le, the parallel! ditnce berween the points 
of the number required, ſhall giue the like ſide of the Super- 
ficies required. 
B + * 4 


- 


m_ 
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Let A be the ſide of a Square to be augmented in the 

rtion of 2 to 5. Firſt I take the ſide A, and put it oner 

in — lines of Super ſiciet, in 2 and 2;ſo the parallel between 

5 and 3, doth giue me the ſide B, on which if I ſhould make 

Square, it would haue ſuch proportion to the ſquare of A, 
as 5 vnto 2, 

In like maner if I were the ſemidiameter of a circle to be 
diminiſhed in the proportion of 5 vnto 2, I would take out 
B, and put it ouer in the lines of Saperficies, in 5 and 5; fo 
the parallell betweene 2 and 2, would giue me A; on which 
Semidiamerer if I ſhonld make a circle, it would be lefle then 
the circle made — the Semidiamerer B, in ſuch propor- 
tion as 2 is lefle then 5. 

For varietie of worke the like caution may be here ob- 
ſerued to that which we gaue in the third Prep. of 
Lanes, 


4 To ae one like Super ficits to another. 
5 To ſaltract one like Swperficies from another. 


Irſt, the proportion betweene like ſides of the Saperficies 
giuen, is to be found by the firſt Prop. of Saperficies, 
then adde or ſubtract the numbers of thoſe proportions, 
— accordingly augment or dimunuſh by the former 
hs | ; 


As 
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As if A and B were the (ide of two Squares, and it were 
required to make a third Square equall to them both. Fit 
thc proportion betweene the ſquares of A and I, would be 
found to be as 200 ynto4o, or in the leſſer numbers as 5 to 
2; then becauſe 5 and 2 added do make 7, I augment the 
fide A in the proportion of 5 to, and produce the (ide C, 
on which if I make a ſquare, it will be equall to boch the 
ſquares of A and B, which was required. . 

In like maner A and B being the ſides of rwo Squares, if 
it were required to ſubtract the ſquare of B out of the ſquare 
of A, and to make a ſquare equall to rhe remainder, here 
the proportion being as 5 to 2, becauſe 2 taken out of x, 
the remainder is 3, I would diminiſh the ſide A in the pro- 
portion of 5 to 3, and ſo I ſhould produce the ſide D, on 
which if I make a ſquare, it will be equall to the remainder 
when the ſquare of B is taken out of the ſquare of A, that is, 
the two ſquares made vpon B and P, ſhall be equall to the 
frſt ſquare made vpon the ſide A. 

4 To find a meane proportional betweene 
two lines given. 


F. find what proportion is betv / eene che lines giuen, 
as they are lines, by the fifth Prep. of Lines, then 
open the Sefor in the lines of Smperficies, according to his 
number, to the quantitie of the one, and a parallel. taken 
betweene the points of the number belonging to the other 
line ſhall be the meane proportionall, 


— — 


G 
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Let the lines giuen be A and C. The ion between 
tem as they are lines wil be found by the Prep. of Lines 
to be as 4 to . Wherefore I take the line C, and pur it ouer 
in the lines of Super ſicies betweene 9 and 9, and Keeping 
the Seftor at this angle, his parallell berweene 4 and 4 dot 

me me B for the meane ionall. Then for proofe of 

- operation I may rake Gi fine B and put it ouer between 
9 and 9: ſo his parallel between ꝓand 4. ſhall give me the firſt 
line A. Whereby it is plaine that theſe three lines do hold in 
contmuall proportion and therefore B is a meane proportio- 
nall betweene A and C the extremes giuen. 

Vpon the finding out of this meane proportion depend 
many Corollaries, as 


To make a Square equal to a Superſicies given. 


F the Superſicies giuen be a reftangle llellogram, 2 
— 1 betweene — — Fes ſhall 
be the ide of his equall ſquare. 

Tf ir ſhall be a triangle, a meane proportion berweene the 
perpendicular and halte the baſe ſhal be the ſide of his equal 
quare. If it ſhall be any other — figure , it may be 
reſolued into triangles, and ſo a ſide of a ſquare found cquall 
to euery triangle; and theſe being reduced into one equall 
ſquare, it ſhall be equall to the whole right - lined figure 


gmen . 


Te finde a proportion betweene $ iet, thoughthey be 
4 — * 


P. to euery Sapeyficies we find the ſide of his equall ſquare, 
the proportion berweene theſe ſquares, ſhall be the pro- 
portion berweene the Saperficies giue n. 


Let 
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Let the Swperficies giuen, be the oblonge A, and the tri- 
angle B, 2 the vncquall ſides of A,I find a meane 
jonall, and note it in C : this is the fide of a ſquare 
equall ynto 4. Then betweene the prependicular of B, and 
halfe his baſe, I finde a nieane proportionall, and note it in 
B: chis is the (ide of a Square equall to F: but the propor- 
tion between the ſquares of C and B, will be found by the 
firſt Prop. of Super ſicios to be asg to : and therefore this is the 

proportion berwene thoſe giuen Superficies, 


To make a ies late to owe Super fictes 
equall to another. 


Et theone — be the triangi A, and the o- 
her the Rhowwboides B; and let it be required to make an- 
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other Rhomboides like to B, and equall to the eriengh A, © 

Firſt between the perpendicular and the baſe of B, I find 
a meane proportionall, and note it in I, as the ſide of his e- 
quall Iquare: then berweene the perpendicular of the tri- 
angle A, and halfe his baſe, I find a meane proportionall,and 
note it in 4, as the ſide of his cquall fquare. Wherefore now 
as the ſide B is to the ſide A, fo ſhall the ſides of the Rhom- 
boides giuen be to C and P, the ſides of the Romboides re- 
quired,& his pendicular alſo to E, the perpedicularrequired, 

Hauing the ſides and the perpendicular, I may frame the 
Rhomboides vp, and it will be equall to the triangle A. 

If the S#perficies giuen been any other right-lined 
fgures, they — been reſolued into triangles, and 
then brought into 2 as before. 

Many ſuch Corollaries might haue been an nexed, but the 


meanes of finding a meane proportionall being knowne 
they all tollow of SO A s 


7 To «kan 4c betweene two 


4 4 giuen. 


F. rſt reckon the two numbers given on both ſides of the 
Lines of Saperfieies from the center, and mark the termes 
whereunto they extend. then take a line out of the Line of 
Lines, or any other ſcale of equall parts reſembling one of 
thoſenumbers giuen, and put it ouer in the termes of his 
like number in the lines of Superficzes ;_for ſo keeping tha 
Sector at this angle, the parallell taken from the termes of the 
other number and meaſured in the fame ſcale from which 
the other parallell was taken, ſhall here ſhew the maane pro- 
rtionall which was required. 

Let the numbers giuen be 4 and 9. If I ſhall take the line 
A, in the Diagram of the ſixt Prop. reſembling 4 in a ſcale 
of equall parts, and to it open the Sedder in 1 termes of 
4 and 4, m the lines of Saperficies, his parallell-berweene 9 
aud g doth giue me B for the meane proportionall. And 
this meaſured in the ſcaleof equall parts doth. extend to 6; 


which 
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which is the meane proportionall number between 4 and g. 
For as 4 to 6, ſo 6 to 9. 

In like maner if I cake the line C, reſembling 9 in a ſcale 
of equall parts, and to it open the Sector in the termes of g 
and g in the lines of Saperſictes, his parallell between 4 and 4 
doch giue me the ſame line B, which will proue to be 6, as 
— if it be meaſurcd in the ſame. ſcale whence D wis 
taken. 


8 To find the ſquare roote of number. 


9 The roote being giuen to find the ſquare nun. 
ber of that roote. 


N che extraction of a ſquare roote irmis vſuall to ſer pricks. 

vnder tlie firſt figure, x third, the fifth, the ſeuenth, and 
ſo forward, beg inning from the right hand toward the left, 
and as many pricks as fall to be — the ſquare number gi- 
uen, ſo many figures ſhall be in the roote: ſo that if the num- 
ber giuen be leſſe then too, the roote ſhall be only of one 
figure; if lefſe then 20000, it ſhall be but two figures; if leſſe 
then toooooo, it ſhall be three figures,&c. 

Thereupon the lines of Saperf;::ez arc diuided firſt into an 
hundred pares, and if the number giuen be greater then 100, 
the firſt diuiſion (which before did ſigniſie only one) muſt 
ſignific oo, and the whole line ſhall be toooo parts: if yet 
the number giuen be greater then 10000, the frtt diuiſion 
muſt now ſigniſie 10000, and che whole line be eſteemed at 
1000000 parts: and if this be too little to expreſſe the num- 
her giuen, as oft as we haue recourſe to the beginning, the 
whole line ſhall increaſe it ſelfe an hundred times. 

By this meanes if the laſt pricke tothe left hand ſhall fall 
vnder the laſt fgure,which will be as oft as there be odde fi- 

ures, the number giuen ſhall fall out berweene che center 
of the Setter and the tenth diuiſion: but if the laſt prick (hall 
fall vnder the laſt e but one, which will be as ofrasthere 
be euen figures, then the number giuen ſhall fall out be- 

te ene the tenchr duiſion and the * of the Setter, _ 
S 3 | Sous 
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This being conſidered, when a number is giuen and the 
ſquare roote is required, take a 1 of compalles and ſetting 
one foote in the center, extend the other to the terme of the 
number giuen in one of the lines of Saperſicies for this di- 
ſtance applied to one of the Lines of Lines, ſhall ſhew what 
the Square roote is, without opening the Seffor. 

Thus 64 doth giue a roote of 8, and 860 a roote of almoſt 
19, and 1296 a roote of 36, and 5056 a roote of 84, and 
62500 2 roote of 250, and 714000 a roote of about 845, and 
ſo in the reſt, 

On the contrary, a number giuen may be ſquared, if firſt 
we extend the compaſſes to the number giuen in the lines of 
Lines, and then apply the diſtance to the Lines of Super ficies, 
as may appeare by the former examples. 


10 Three wambers being given to find the fourth 
in — 


1 1 eing moued concer- 
their ſides. It is viuall in Arich- 
portion he firſt duplicated before the 

eſtion be reſolued, which is not neceſſarie in the vſe of 
the Secter, only the numbers which do ſigniſie Super ficies 
muſt be reckoned in the lines of Wperfivies, and they which 
— the ſides of Swperficies, in the lines of Lines, after 
this maner. 

If a queſtion be made concerning a S#perficier , the two 
numbers of the firſt denomination muſt be reckoned in the 
lines of Lines, andthe Socter opened in the termes of the firſt 
number to the quantitie of a line out of the ſcale of 
fiaias reſembling che ſecond number; ſo his parallels 
berweene the termes of the third number, being meaſured 
in the ſame ſcale of Sh, ſhall giue the bo 
number which was —_— 0 

As if a Square, xhoſe (ide is fortie perches in length, ſhell 
CO- 
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containe ten acres in the Swperficies, and it be required to 
know how many acres the Square ſhould contain,whoſe ſide 
is ſixtie perches, 

Here if I rooke 10 out of the line of S 7, and put it 
ouer in 40 inthe lines of Lines, his parallell between 60 and 
6o meaſured in tho line of Smperficies, would be 22; and 
ſuch is the number of acres required. For Squares do hold 
in a duplicated proportion of their ſides z wherefore when 
the proportion of their ſides is as 4 to 6, and 4 multiplied 
into 4 become 16, and 6 — — into & become 36, the 
proportion of their ſquares ſhall be as 16 to 363 and ſuch is 


the proportion of 10 to 221. 

If a eld meaſured with a ſtatute perch of 16 foote, ſhall 
containe 288g acres, and it be required to know how man 
acres it would containe if it were meaſured with a wood-' 
land perch of 18 foote. 

Here becauſe the proportion is reciprocall, if I tooke 288 
out of the line of Sec, and put it ouer in 18, in the lines 
of Lines, his parallell berweene 16% and 16+ meaſured in 
the line of 8 be 2423 and ſuch is the number 


of acres require 
For ſeeing the proportion of the ſides is as 16 to 18, or in 


leſſer numbers as xx to 12, and that 11 multiplied into 18 
become 121, and 12 into 12 become 144, the proportion of 
theſe Swperficies ſhall be as a 121 to 294, and ſo haue 288 to 


242, in reciprocal — 


On the contrary, if a queſtion be propoſed concerning 


the (ide of a Sup , the two numbers of the firit den o- 

mination muſt be reckoned in the lines of Seer ſicier, and the 
Sector opened in the termes of the firſt number, to che quan- 
titie of a line, out of the line of Lues, or ſome Scale of equall 
s,reſembling the ſecond number; ſo his parallel taken 

etween the termes of the third number being meaſured in- 
the ſame ſcale with rhe ſecond number, ſhal giue the fou rth 


number required. | 
As if a held contained 288 acres when it was meaſured 


wich a ſtatute perch of 16 5, and being meaſured with 2 
Y | cher 
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ther perch;was found to containe 242 acres, it were required 
to know what was the length of the perch with which it was 
ſo meaſured, 

Here becauſe the proportion is reciprocall, if I tooke 16 
out of the lme of Lanes, and put it ouer in 242 in the lines 
of Saperſiciet, hiis parallell berweene 288 and 288, being mea- 
ſured in the line of Lines, would be i8, and ſuch is the lengch 
ef the perch in foote whereby the field was laſt meaſure 

For ſeeing the proportion of the acres is as 288 vnto 242, 
or in che leaſt numbers as 144 to 121, and that the roote of 
144 is 12, and the root of 121 is 11, the proportion of roots 
catcads of the perches ſhall be as t to, and ſo 
are16; ro 18, in recs ion. 

If 360 men were to be ſet in forme of a long ſquare,whoſe 
fidesſhall haue the proportion of 5 to 8 ʒand it were required 
roknow the number of men to be placed in front — file: 
if the ſides were onely 5 and 8, there ſhould be but 7 men; 
but there are 360: therefore working as before, I find that 


As 40 to the ſquare of 5, 
ſo 360 to the ſquare of 15. 3 


As 40 to the ſquare of 8, 
ſo 360 to the ſquare of 24. 


and ſo 15 and 24 are the ſides required, 


If sooo men were lodged in a ſquare ground, whoſe {ide 
were 60 paces, and it were required to know the (ide of the 
ſquare wherein 3oo might be ſo lodged, here working as 
before, I ſhould find that 


As 100 are to the ſquare of 60: 
ſo 5000 to theſquare of 134. 


And ſuck very neare is the aumber of paces required. 


CHAP. 
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CHAP. IV. 
The cuſe of the lines of Solids. 
To finde spropertion betweene two or more like Solids: 


N the Sphere, in regular, parallell, and other like bodies, 
whoſe ſides next the equall angles are proportionall, the 
worke is in a manner theſame, with that in the firſt Prop, of 
Smper ficier, but that it is wrought on other lines, 

Take one of the ſides of the greater Solid, & according to 
it open the Seſter in the points of 19000 and 1000, in the lines 
of Solids, then take the like ſides of the lefler Solids ſeuer- 
ally, and carry them parallell to the former, till they ſtay in 
like points, ſo the number of points wherein they ſtay, ſhall 
ſhew their proportion to 1000, 


1000 7 
jy Fug 1 


00 4 
3 — A 


Let Aand 3, be the like (ſides of like Solids, either the di- 
ameters, or ſemidiameters of two ſpheres, or the ſides of two 
cubes, or other like. Firſt I take the ſide 4, and to it open 
the Sector in the points of 2000, then keeping the Sector at 
this angle, I enter the leſſer (ide B, parallell to the former, 
and finde it ro croſle the line of Solids in the points of 400, 
and ſuch is the proportion berweene the Solids required, 
which in leſſer number is as 5 to 2. | 

This propoſition might — berne wrought by 60, or 
any other number that admitsſeuerall diuiſions. 

It may alſo be wrought without opening the Sector, for if 
the ſides of the Solids. given, be apphed to che limes of Solids, 
— alhwayes at the center of the Seftor, there will bs 
ſuch proportion berweene them, 2s betweene the numbers 
of parts whereon they fall. 
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2 To augment 4 Solid in a given proportion. 
3 To diminiſh « Solid in 4 giuty proportion. 
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Ake the ſide of the Solid giuen, and to it open the 
Sector, in the points of the number given : then keep- 
ing the Sector at that angle, the parallell diſtance ber weene 
the points of the number required, ſhall giue the like (ide of 
the Solid required. | | 
If ic be a perelelcopipedon, or ſome irregular Solid, the 
other like ſides may be found out in the fame manner, and 
with themthe Solids required, may be made vp with che 
ſame angles. 


* 3 


= 4 
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Let Abe the ſide of a cube, to be augmented in the pro- 
portion of 2 to 3. Firſt I take the ſide A4, and put it ouer in 
the lines of Soladr in 2 and 2, fo the parallell betweene 3 and 
3, doth giue me the ſide B, on which if I make a cube, it will 
haue ſuch proportion to the cube of A, 3 to 2. 

In like manner, if B were the diameter of a Sphere, to be 
diminiſhed in the proportion of 3 co :. I would take out B, 
and put it ouer in the lines of Solidr, in 3 and 3, fo the 
rallell berweene z and z, would giue me 4: to which dia- 
meter if I ſhould make a Sphere, it would be leiſe then the 
Sphere, whoſe diameter is B, in ſuch proportion as 2 is leſſe 

en 3. 

Here alſo for variety of worke, may the like caution be 
obſerued to that which we gaue in the th ird Prop. of Lover. 


4 To adde one like Solid to another. 
To ſobtract one like Solid from another. 


Irſt the proportion berweene the ſides of the like Solids 
I gruen, is to be found by the firſt Prop. of Solids : then adde 
or 


The'ofs of the ine of Solids: s 
or ſubtract thoſe — and accordingly augmenc of 
diminiſh by the former rep. ng L 


| * ; 
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As if A and B were the ſides of two cubes, and i were re- 

quired to make a third cube equall ro them both : firſt the 

roportion berweene the ſides A and B, would be found ti 
c 28 100 to 40, or in leflertermes as 5 to 2. Then becauſe's 
and 2 be ing added do make 7, I augment the fide 4 in the 
proportion of 5 to 7, and produce the fide C, on which if I 
. makea cube, it will be equall co both the cubes of A and B, 
which was rc quired, 

In like maner A and B being the fides of two cubes, if it 
were required to ſubtract the cube of B out of the cube of 
A,and to make a cube equal to the remainder, Here the pro- 
portion being as 5 to 2,becauſe 2 taken out of q, the remain- 
der is 3, I ſhould diminiſh the fide A in the proportion of g 


to 3, and ſo I ſhould haue the ſide D, on which if I make a - 


cube, it will be equall to the remainder when the cube of B 
is taken out ofthe cube of A, that is the two cubes made vp- 
on B 2 D, ſhall be equall to the firſt cube made vpon the 
ſide A. 


6 To find two meant proportional lines betweene 
two extreme lines giuen. 


| Yo I find what proportion is betweene the two extreme 
lines giuen as they are lines, by the fifth Prop. of Lines, 
then open the Setter in the lines of Solids, to the quantitie of 
the former extreme, and a lell berweene the points of 
the number belonging to the other extreme, ſhall be that 
meane proportionall which is next the fyrnier extreme. This 
done, open the Seller againe to this meane proporrionall in 
the points ofthe former extreme, and the parallc!! —_— 

F 3 2 
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berweene the poinrs of the latter extreme, ſhall be the other 

— — | , 
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Let the two extreme lines giuen be A and D, the propor- 
tibn berweene them, as they are lines, will be found to be as 
27 to ;. Wherefore I take the line A, and put it ouer in the 
lines of Selids betweene 257 and 27, and keeping the Sede 
at this angle, his parallell betwerne 8 and 8, doth give me g, 
the meane proportional next vnto A. Then put I ouer this 
line B, betweene the aforeſaid 27 and 27, and his parallell be- 
tweene 8 and 8 doth giue me the line C, the other meane 
proportionall which was required. 

gaine, for of the operation I put ouer this line C 
in the aforeſaid 27 and 27, and hisparallell between $ and 8 
doth giue me the very line D:whereby it is plaine that theſe 
foure lines do hold in continuall proportion;and ſo B and C 
are found to be the meane proportionals betweene A and D 
the extremes giuen. 


7 To find two meane proportional numbers 
between two extreme numbers given. 


Fu reckon the numbers giuen on both ſides of the lines 
of Solids, beginning from the center; and mark ing the 
termes whereto they extend: then take a line out of the line 
of Lues, or any other ſcale of equall parts reſembling the for- 
mer of choſe numbers, and put it ouer in the lines of Soſidr, 
berweene the points of his like number, and z parallel! be- 
rweene the points belonging to the other extrem-,meaſured 
in the ſcale ſrom whence the other parallell was taken, ſhall 
giue that meane 8 number which is next the 
ormer extreme. This done, open the Sefor againe to this 
meane proportionall iu che points of the former extreame, 


and 
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and the parallel diſtance betweene the points of the latter 
extteame, meaſared in the fame ſcale as before, ſhall there 
ſhew the other meatie proportionall required. 
A , | : 2 7 3 
. ſol - af 12 


Let rhe two extreame numbers giuen be 27 and 8; if T 
ſhall take the line A,reſembling 27 in a ſcale of equall 2 
and to it open tho Sefor in 27 and 27, in the line of * 
his parallell betweene 8 and 8 doth giue me B for his next 
meane proportionall, and chis meaſured in the former ſcale 
doch extend to 18. Then put I ouer this line B between the 
aforeſaid 27 and 27, and his parallell between 8 and 8 doth 
giue me C for the other meane proportionall, and this mea- 
ſured in the former ſcale doch extend to 12. Againe, for 
proofe of my worke, I put ouer this line C betweene zꝝ and 
27, as before, and his parallell berweene 8 and 8 doth giue 


me D, which meaſured in the former ſcale doth extend to 8, 


vrhich was the latter extreame number rms whereby it is 

plaine that theſe foure numbers do hold in continuall pro- 

— : and therefore 18 and ra are meane proportional 
weene 27 and g, xhich was required. * 


8 u findethecubique roott of 4 number. 
9 Theroote being * to finde the tube number 
of that roate. 


N the extraction of a cubique root; it is vſualſ to fer pricks 
vnder rhe firſt figure, the fourth, the ſeuench, thetenth, 
and ſo forward, omitting two, and pricking the third from 
the righrhand toward che lefrzand as muy pricks a fall to be 
vnder che — number, ſo many figures ſhall de in the 
rote. So that if the number giuen be ale then 1000, che 


roote ſhall be only of one ſigure if; leſſe then 1000000, it 
ſhall be but of two figures ; if aboue theſe, and leſſe then 
1990000000, it ſhall be but three figures; &c. whereupon 

| . F 3 the 
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the lines of Solids are diuided, firſt into 0 parts, and if the 

numbers giuen be greater thẽ ioo, the firſt diu iſion( bcih 

before did ſigniſie onely one) muſt ſigniſie 4000, and the 
whole line ſhall be ro00co0 if yet the number giuen be 
greater then ro0cooo, the firſt duiſion muſt now ſignifie 

1000005, and the whole line be eſteemed at roo00co0c0 
and if theſe be to little to expreſſe the numbers given, 

as oft as wee haue recourſe to the begining, the whole line 

ſhall encreaſe it ſelfe a thouſand times. 

By cheſt meanes,if the laſt pricke, to the left hand, ſhall fall 
vnder the laſt figure, the number giuen ſhall he reckoned 
at the beginning of the lines of Sabdr, from 1 to 10, and the 
firſt figure of the roote ſhall be alwayes either 1, or 2. If the 
laſt pricke ſhall fall vnder the laſt 6gure but one, then the 
number giuen ſhall be reckoned in the middle of the line of 
Solids, berweene 10 and 00, and the firſt figure of the roote 
ſhall be alwayes either 2, or 3, or 4. But if the laſt pricke 
ſhall fall vnder the laſt figure but two, then the number gi- 
uen, ſhall be reckoned at the end of the line of Solids, be- 
tweene 100, and 1000. 

This being ceiſidered when a number is giuen, and the 
cubique roote required: Set one foote of the compaſſes in 
the center of the Secror,extend the other in the line of Slut, 
tothe points of the number giuen : for this diſtance applied 
to one of the line of Lizes,ſhall ſhew What che cubique roote 


is, withaqut opening the Setter. 


So the neareſt roote of 8490000, is about 204. 
The neareſt roote of 84900000, is about 439. 
The neareſt roote of 849000000, is about 947. 


n the contrary, a number may be cubed, if firſt we ex- 
tend the compaſles to the number giuen, in the line of 
Lines, and then apply the diſtance to the lines of Se/ads z as 
may appeare by the former examples. ＋ 


% 
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10 Three numbers —— to fine « fourth in 4 


triplicated proportion. 


S like Swperficies do hold in a duplicated proportion 
ſo like ſolids in a triplicated — of —— 
logall ſides: and therefore the ſame worke is to be obſerued 
here on the lines of Solidi, as before in the lines of Saper fi- 
cies; as may appeare by theſe two 1 * 
If a cube whoſe ſide is 4 inches, ſhall be 7 pound weight, 
and it be required to know the weight of a cube whote lide 


is 7 inches; here the proportion would be, 


As 4 ue to a cube of 7: 
ſo 7 to a cube of 37. 


And if I rooke 7 out of the lines of Solids, and put it ouer 
in 4 and , in the lines of Lines, his parallell between 7 and 7 
meaſured in the lines of Selids, would be 37; and ſuch 1s 
the weight required, 

If a bullet of 27 pound weight haue a diameter of 6 in- 
ches, and it be required to know the diameter of the like 
bullet, whoſe weight is 125 pounds ; here the proportion 


would be, 
As the cubique root of 27 is vnto 6: 


ſo che cubique root of 125 is vnto 10. 


And if tooke 6 out of the line of Lines, and put it ouer 
in 27 and 27 of the lines of Solids, his parallell berweene 12 
and 125 meaſured in the line of Les, would be 103 and ſ 


is the length of the diameter required. 


The end of the firſ books: 
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THE 


SECOND BOOKE OF 
THE SECTOR, 


Containing the vſe of the Circular 
Lines. 


CHAP. I. 


Of the nature of Sines, Chords, Tangents and 
Secants , fit to be knowne before hand 
in reference to right-line Triangles. 


uided into 360 degrees, each degree into 6o minutes, 


1 the Canes of Triangles, a circle is commonly di- 
each minute into 6o ſeconds. 
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A ſemicircle therefore is an arke of 180 gr. 
G 


A 


42 of the nature of Sines and Tangents. 


A quadrant is an arke of 90 2 

The meaſure of an angle is t e arke of a circle, deſcribed 
out of the angular point, intercpted betweene the ſides fuf- 
ficientl — : ; 

So the meaſure of a right angle is alwayes an arke of go 


gr. and in this example the meaſure of the angle B A D is 


the arke B C of 40 grzthe meaſure of the angle 3 AG, is che 
arke B F of gogr. 
The complement of an arke or of an angle doth commõ- 


ly ſignifie that arke which the giuen arke doth want of go 


gr: and ſo tlie arke B F is the coplement of the arke B Cñ & 


the angle B A F, whoſe. meaſure is B F, is the complement of 
the angle B A C;and on the contrary, 

The complement of aw arkeqr angle in regard of a ſemi- 
c rcle, is that arke which the giuen arke wanteth co make v 
180 gr: and fo the angle E AH is the complement of the 
angle E AF, as the arke E N is the complement of the arke 
FE, in which the arke CE is the excelle aboue the qua 
drant. e--> 74 | h 

The proportions which theſe arkes (being the meaſures 
of angles) haue to the ſides of a triangle, cannot be certain, 
vnleſſe that which is crooked be brought to a ſtraighe line; 
and that may be done by the application of Cherds, Right 
Sines, verſed Sines, Tangents and Secants, tothe ſemidiameter 
of a circle. 

A Chorde is a right line ſubtending an arke: ſo B E is the 
chorde of the arke BCE, and 3 a chorde of the arke 


1 


A right Sine is halfe the chorde of the double are, viz. the 
right line which fallertr perpendicularly from the one ex- 
treme of the giuen arke, vpon the diameter drawue to the 
other extreme of the ſaid arke. 

So if the giuen arke be B C or the giuen angle beB A C, 
let the diameter be drawae through the center A vnto C: 
and a perpendicular I D be let downe from the extreme B, 
vpon A C this perpendicular B D ſhall be the rigbe fone 
both of the arke B Cr and alſo of the angleB AC: aud it is 


alſo 
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alſo the halfe of the chord B E, ſubtending thearke BCE, 


which is double to the giuen arke B C. In like maner, the 
ſemidiameter F A, is the right — of the arke F C, and of the 


right angle FA C; for it falleth perpendicutarly vpon A C 
— it is = halfe ofthe chord F 1 2 3 g 

This whole Sine of go gr. is hereafter called Radi; but 

che other Sinet take cheir denomination from the degrees 
and minutes of their arks. 
Suu verſiu, the verſed ſine ts 2 ſegment of the diameter, in- 
tercepted berweene the right fine of the ſame arke, and the 
circumference of the circle. So D C is the verſed fine of the 
arke C B, and & E the verſed fine of the arke B E, and G H 
the verſed fone of the arke B H. 

A Tangent is à right line * — to the diameter, 
drawne by the one extreme of the giuen arke, and termina- 
ted by the ſecant drawne from the center through the o- 
ther extreme of the ſaid arke. 

A Secant is a right line drawne from the center, through 
one extreme of the giuen arke, till it meete with the tangent 
raiſed from the diameter at the other extreme of the ſaid 
arke.1 

So if the given arke be C E, orthe po anglebeCAE, 
let the diameter be drawne through the center A ro C, and 
in Cto AC, be raiſed a perpendicular CI. Then let ano- 
ther line be drawne from the center A through E, till it meet 
with the perpendicular CI in I; the line CI is a Tar 
gent, and A I is the Serant both of the arke CE, and of the 
. angle CAE, 


G 2 CHAP. 


— — — 
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44 The general uſe of Sines and Tangents, 
CHAP. IL | 
Of the generall vſe of Sines and Tangents. 


1 The Radius bring knowne to find the right [ine 
of any arke or angle, 


1538 < CG 
. 
* - . 


—— 
— 


- — 


I: the Radius of the circle giuen be equall to the laterall 
Radius, that is, to the whole line of Sines on the Sefor,there 
needs no farther worke, but to take the other ſines alſo out 
er of the (ide of the Seftor, But if it be either greater or leſſer, 
e then let it be made a parallell Radius, by applying it ouer in 


the lines of Smes,betweene go and go; ſo rhe parallel] tak en 
| from the like laterall ſines,ſhall be the ſie required. 
10 As if the giuen Radius be A C, and it were required to find 
AX the ſine of 30 Gr. & his complement agreeable to that radius. 
A — — 2222 1 C 
B — D — 
5 
* 


Ler AB, A repreſent the lines of fes on th 
b e Set 
let B B, e diſtance berwee ne go an d go, be — = 
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giuen radius A C. Here the lines A 45, A 50, A go, may be 
called the /aterall ſine: of 40,50, & gozin regard of their place 
on the ſides of tho Sector. The lines betweene 40 and 40, be- 
tweene 30 and 50, betweene yo and 90, may be called the 
paralell finer of 40, 30, and go; in regard they are parallell one 
to the other. The whole (ine of go Gr. here ſtanding for the 
femidiameter of the cirele, may be called the Radius. And 
therefore if A C be put ouer in the line of Sines in 9o and go, 
and ſo made a parallel raduu, hÞ> parallell fine betweene 50 
and $0, ſhall be B D, the (inc of 30 required, And becauſe 
zo taken out of go, the complement is 40;his parallel fine be- 
tweene 40 and 40, ſhall be B G, the ſine of the complement 
which was required. 


2 The right (ine of any arte being giuen 
to finde the Radius. 


Vrne the ſine giuen into a parallell ſine, and his paral- 
lell Radius ſhall be the Radius required, 

As if B D ere the giuen ſine of 30 Gr. and it were requi- 
red to finde the Radius: let B D be made a parallell (ine of 
30 Gr. by applying it ouer in the lines of Sines, betweene 50 
and 503 ſo fs parallell Radius betweene go and 90 ſhall be 
A C, the Radius required. 


3 The Radius of 4 circle, or the right Sine of any arke 
being giuen, anda ſtreight line reſembling a Sine, 
to find the quantitie of that unknowne Sine. 


Et the Radius or right ſine giuen be turned into Ins pa- 

allell; then take the right line giuen, and carrie it paral- 

lell to the former, till it ſtay in like Siner: fo the number of 

degrees and minutes where it ſtayeth, ſhall giue the quantitie 
of the Sine required. 

As if B D were the giuen ſine of 30 Gy. and B G the 

ſtreight line giuen: firit y make BD a parallell fine of 30 Gr; 


then keeping the Setter at this angle, Long the line B G 
3 . 
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4% The generall wſeof Sines and Tangents; 
parallell, and find it to ſtay in no other but 40 and 40; and 
therefore 40 gr. is his quancitie required. 


The Radius or any right Sine being giuen, to finde 
a the verſed ive of 22 


1 the arke, whoſe verſed fine is required, be leſſe then the 
quadrant, take the ſine of the complement out of the ra- 
dius, and the remainder ſhall be the Saws ver ſau, the verſed 
fine of that arke. | 

As if A B being the laterall R adiui, it were required to find 
to find the verſed fineaf 40 gr; here the fine of the com- 
plement is A 50, and therefore B go is the verſed ſine requi- 
red. Or if I reckon from B, at the end of the Sector, toward 
the center, the diſtance from go to Bo, is the verſed fine of 
10 7 from go to 0, the vexſed ſine of 20 gr; from gc to 6o, 
is the verſed fine of 30 grz and ſo in the r 

If A D be the giuen five of 30 gr. and it be required to find 
the verſed ſine of 30 gr; here becauſe A D is vnequall to the 
larerall ſine of 30 gr, I make it a parallell. And firſt I find the 
radius A C; then the ſine of the complement A 40, which 
being taken out of A C, leaueth C 40 for the veried line 
of go gr. which was required. . 

But if the arke,whoſe verſed ſine is required, be greater 
then the quadrant, his verſed fine alſo is greater then the 
Radine, by the right ſine of his exceſſe aboue go gr. 

As if A C being the Radius giuen, it were required to find 
the verſed fine of 230 gr: here the exceſſe aboue go gr. 1540 
and therefore the verſed ſine required is equall to the Ra- 

ius A C and A 40, both being ſer together. 


5 The Diameter or Radius — to finde 
the Chords of entry arke. 
The fines may be fitted many wayes to ſerue for chords, 


1 A ſine being the halfe of the chord of the double arke, 
if the ſine be doubled, it giueth the chord of the double ark, 
A 
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a Sine of to gr. doubled giueth a Chord of 20gr; and a Sine 
of t5 gy. being doubled; giueth a Chord of 30 gr; and ſo in 
the reſt. As here ; D, the fine of B C, an arke of 40 gr. being 
doubled giueth B'E the chord of B C E, which is an arke of 
80 gr. Wherefore if the Radius of the circle giuen be equalb 
to rhe laterall Radius, let the Seftor be — neare vnto his 
length, ſo that both the lines of Sines may make bur one di- 
rect line: ſo the diſtance on the ſines betweene 10 and 10, 
ſhalt be a chord of 20;the diſtance berweene 20 and 20, ſhall 
be a chord of 40;zandthe diſtance berweene 30 and 30, ſhall 
be a chord of 60; and ſo in the reſt, 

2 Becauſe a ſine is the halfe of the chord of the double 
uke, the proportion holderh, 


e \ * 


he 


As the diameter FH vnto the radius A H, fo the chord 
BE vnto the line D E, or the chord & L vnro the ſine AL: 
and then if the radius A H, be put for the diameter, which 
is a chord of 180 gr, the ſine D E or AL ſhall ſerue for a 
chord of 80 gr; — the ſemiradius which is the ſine of 30 gr, 
ſhall ſerue for a chord of co gr, and go for the ſemidiameter 
of a cirele, and ſo in the reſt. So that | theſe meanes we ſhall 
not need to double the lines of Sines as before, but onely to 
double the numbers. And to this purpoſe I haue —_—_ 
cac 


cestt 
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each degree of the ſines into two, that ſo they might ſhew 
how far the halfe gy d reach in the ſines, and yet ſtand 
for whole degrees when they are vſed as chords. 

Wherefore if the Radius of the circle giuen be equall to 
the lateral ſemixadius (the ſine of 30 Gr. and chord of co Gr.) 
there needs no farther work then to take the ſine of 10 Gr. 
for a chord of 20 Gr. and a fine of 15 Gr. for a chord of 30 Gy. 
&c. X 
Bur if the Radius of the circle giuen be either greater or 
leſſer then the laterall ſemiradius, take the diameter of it, and 
make it a parallel! chord of 180 Gr.by applying it ouer the 
lines of Sines between go and go:or take he Radius or Semi- 
diameter which is equall to the chord of 60 Gr. and make it 
a parallell Radius of 60 Gr. by applying it ouer in the ſines of 
30 and 30, and keepe the Sector at this angle. The parallels 
taken from the laterall chords ſhall be the chor requi- 
red. 

As if the diameter of a circle giuen were the line A B, 
and it were required to find the chord of 8o gr: firſt. I make 
AB a parallell chord of 180 Gr. or the halfe of it a parallel! 
chord of 60 Gr; ſo his parallell L G doth giue me FG the 
chord of 80 Gr. which was required. 

3 Seeing that as the ſine of the complement of the halfe 
arke is ynto the Radixs , fo the (ine of the ſame whole arke 
is vnto the chord of it: if we ſeeke but for one ſingle chord, 
we may finde it without either — ſines, or dou- 
bling the number. For applying ouer the Radius giuen in 
the — of the complement of halfe the arke required, his pa- 
rallell ſine ſhall be the chord required. 

As if the ſemidiameter of the circle giuen were 4 C, and 
it were required to find the chord of qoGr:the halfe of 40 Gr. 
is 20 Gr. the complement of 20 Gr. is 7 Gy. Whereſore I 
make AC a parallell ſine of 20 Gr. and his parallell fine G E 
doth giue me F G the chord ot 40 Gr. agreeable to de ſemi- 
diameter A C. 


6 The 


6 The chord of any arte being giuen to find the 
diameter jab. — 


1 the chord giuen vnto a parallell chord, and his pa- 
rallell ſemiradius ſhall be the ſemidiameter, and the pa- 
rallell radius ſhall be the diameter. 


As if F G be the chord of 80 gr. I put this ouer in & and 


L, the ſine of 40, and chord of 8o gr. and the parallell chord 
of 180 gr. giueth me AB the diameter required. 

Or if I rurne the chord giuen into a parallell fine of the 
ſame quantitie, his parallel ſine of the complement of halfe 
the arke, doth giue me the ſemidiamerex. 

As if FG be tlie giuen chord of 40 gr. I put it ouer in G 
and , the fines of 0 gr z then becauſe the halfe of 4o gr. is 
20 gr. andthe complement of 20 gr. is 70 gr. I take out the 


llell ſine of 70 gr. and it giuerh me A C forthe ſemidia- 
— agreeable to that chord of 4 Er. 


17 The 
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7 * h 8 — of any 


angle ginen. 2 
8 The Setter bring opened, to find the quantiti⸗ 
of the angie, 


1. is one thing to open the edges of the Sector to an angle, 
and another thing to open the lines on the Se dor to the 
ſame angle. For the lines of lines on the one ſide, & the lines 
of fines-on the other ſide, do make an angle of 2 fr. hen the 
Sector is cloſe ſhut, and the edges doe make no angle at all, 
So likewiſe the lines of Superſiciet and the lines of Solid: doe 
make an angle of 10 gr, which are to be allowed to the 
edges. 

he lines of lines may be opened vo a right angle, if the 
whole line of roo parts be applied ouer in do and 60, 

The lines of fer may be opened to a right angle, if the 
large ſecant of 45 gr. be applied ouer in the (ines of go gr. or 
if the (ine of go gr. be applied ouer in the fines of 45 fr. or if 
the line of 45 gr. be applicd ouer in the ſines of 30 2 

If it be required to open thoſe lines to any other angle, 
take out the chord thereof, and apply it ouer in the ſemrra- 
duu, and thoſe lines ſhall be opened to that angle. 

As if it were required to open the Sector in the lines af 
finer to an angle of 40 gr, take ont the chord of 40 ęr, and 
to it open the Sector in the chord of Go gr; ſo ſhall the lines 
_ be opened to the —_—_—_— rif the ſame chord 

40 Gr. be applied ouer betweene 30 and go, in the lines 
of lines, they ſhall alſo be opened to the ſame angle. If it be 
applied ouer in 25 of the lines of Saperficier,. or 125 in the 
lines of Solids _ alſo ſhall be opened to the ſame angle: 
becauſe the chord of 60 Gy. or ſine of 30 Gr. and 30 in the 
lines of tines, and 25 in the lines of Swperfieves, and 125 in the 
Solids, are all of the ſame length with the ſemiradius. 

Or if the Semiradix« be applied ouer berweene the ſine of 
30 Gr. and the ſine of the complement of the angle requi- 

red; it will open the lines of Siner to that angle, 

As 


85 
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As if che ſemiradius be applied ouer in the fines of 30 Gr. 
Und the fine of 30 Cr. it ſhall open the lines of Sines to an an- 
gle of 30 Gr. z 
On the contrary, if che Sefor be opened to an angle, and 
it be required to know the quantitie thereof, open the com- 
paſſes to the ſemiradius, and ſetting one foote in the ſine of 
30 Gr. turne the other toward the other line of ue, and it 
ſhall fall there in the complement of the angle; if it fall on 
go Gr. the angle is 40 Gr; if on 60 Gr. the angle is 30 Gy. &c. 
Or take ouer the parallell chord of 60 Gy. and meaſure it 
in the laterall chord, and it ſhalt there ſhew the quantitie of 
the angle. As if the Setter being opened to an angle, I 
ſhould take ouer the parallell of 30 Gr. of che ſines, and do 
Gr.of the chords, and meaſure it in the laterall chords,find it 
to be 40 Gr the angle comprehended betweene the lines of 
Sines is 40 Gy, bur the angle betweene the edges of the Se- 
dor is 2 Gr, leſſe, and therefore but 38 Gr, 


9 To ſſude ihe quuntitis of any angle giuen. 


F out of the angular point, to the — of the Semi. 

radius, be deſcribed an occult arke that may cut both ſides 
of the angle, the chord of this arke meaſured in the laterall 
chord, ſhall giue the quantitie of the angle. 

Let the angle giuen be B A C: firſt· I take che Semiradius 
with the compaſſes, and ſetting one ſoote in 4, I cut the 
fides of the angle in B and C; then I take the chord C, and 
meaſure it in the laterall chord, and I find it to be i Gr. aud 
15 AM. and ſuch is the quantitic of the angle giuen. 


Or if the arke be deſcribed out of the angular point at a- 
ny other diſtance, let the — de turned into a pa- 
FE ell 
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rallell chord of 60 Gy. then take the chord of this arke, and 
carrie it parallell till ir croſſe in like chords: ſo the place 
where it ſtayeth ſhall giue the quantitie of the angle. 

As in the former example, if I make the ſemidiameter A B 
a parallell chord of 60 Gr. and then keeping the Setter at that 
angle, carrie the chord B C parallell, till it ſtay in like 
chords; I ſhall finde it to ſtay in no other but 11 Gr. 15 Af, 
and ſuch is the angle B AC. 


10 pen a right line and 4 point giuen in it, to make 
an angle equall to any angle giuen. 


F. rſt out of the point giuen deſcribe an arke, cutting the 
ſame line: then by the g;. Prep. afore, find the chord of the 
angle giuen agreeable to the ſemidiameter, and inſcribe it 
into this arke : ſo a right line drawne through the point gi- 
uen, and the end of this chord, ſnall be the lide that makes vp 
che angle. 

Let the right line giuen beeF , andthe point giuen in 
it be A, and let the angle giuen be 11 gr. 15 w. Here I open 
the compalles to any ſemidiameter A , (but as oft as I may 
conueniently to the laterall ſemiradius) and ſetting one foot 
in A, I deſcribe an occult arke B C; then I ſeeke out the 
chord of 11 fr. 15 wv. and taking it with the compaſſes, I ſet 
one foore in B, the other croſſeth the arke in C, by which 
I draw tlie line A C, and it makes vp the angle required. 


11 To diuide the circumference of a circle 
into any parts required 


IF 360 the meaſure of the whole circumference be divided 
by the number of parts required, the quotient giueth the 
chord, which being found will diuide the circumference. 
— ou of — = diuide the circumference into 
e parts; a chord of go gr. into sʒ a chord of 72 gr. 
— 5 parts; a chord of 60 — 6 — chord of 5 1 2.4 
into 7 parts; a chord of 45 gr. into 8 parts; a chord of 40 gr. 


into 
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into 9 parts; xchordof — ro parts; a chord of 32 gr. 
44 .into 17 parts; a chord of 3ogr.inta 12 parts. 

In like maner if it be required to diuide the circumference 
of the cirele, whoſe ſemidiameter is A , into 32: firſt I rake 
the ſemidiameter A B,and make it a parallell chord of 60 gr; 
then becauſe 360 gr. being diuided by 32, the quotient will 
be 11 gr.15 *. I find the parallel! chord of 31 gr. iq nnd this 
will diuide the circumference into 32. 

But here the parts be ing many, it were better to diuide it 
firſt into fewer, and after to come ouer it againe. As firſt to 
diuide the circumference into 4, and then each 4 parts into 
$, or otherwiſe, as the parts may be diuided. 


12. To diuide a right line by extreme and 
MEANC Proportion, 


He line to be diuided by extreme and meane propor- 

tion, hath the ſame proportion to his greater ſegment, 
as in figures inſcribed in the ſame circle, the ſide of an bexa- 
ger a figure of ſix angles, hath to a (ide of a decages a figure of 
ten angles: but the lide of a hexagon is a chord of 6o gr. and 
the (ide of a decagos is a chord ot 36 gr. 

Let AB be the line to be divided if I make 4B a paral- 
lell chord of 60 gr.and to this ſemidiameter find A C a chord 
of 36 gr. this A C ſhall be the greater ſegment, diuiding the 
whole line in C, by extreme and meane proportion. So that, 

As A B the whole line is vnto A C 1 greater ſegment: 
ſo A C che greater ſegment vnto C the leſlſer ſegment. 
Or let AC be the greater ſegment giuen: if 1 = this 
a parallell chord of 36 gr. the correſpondent ſemidiameter 
ſhall be the whole line A C, and the difference C the leſſer 
ſegment, ; | 
A : C 7 


— — 
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Or let C be the leſſer ſegment giuen : if I make this a 


parallell chord of 36 gr. the 2. „ 
3 13 
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mall be greater ſegment AC, which added to CB, gineth 
the whole line A B. : 

— En Cr a nnban yen may ut ouer 


the whole line in the Sizes of 72 gr. and the parallel fine of 
3 ay 

* 
the 


ent. 
if you put ouer che whole in in the ſines of 5487, 
parallell line of 30 gr. ſhall be the greater ſegment, an 
the parallel] ſine of 187r.ſhallbe chelelſſer ſegment. ; 


CHAP. III. 
Of the proieFiion of the Sphere in Plano. 


1 He Sphere may be proieted in Plaus in freight lines, 

T. in the — 7 the ſemidiameter of the circle 
giuen be diuided in ſuch ſort as the line of Sint on the Se- 
tt 


or. 

As if the Radius of the circle giuen were A E, the circle 
thereon deſcribed —— the plane of the generall 
meridian, which diuided into foure equal parts in E, 5, , S, 
and croſſed at right angles with E AÆ and P S, the diameter 
EA ſhall repreſent the equator, and P & the circle of the 
houre of 6, And it is alſo the axis of the world, wherein P 
ſtands ſor the North pole, and & for the South pole. Then 
may each quarter of the meridian be diuidedinto go gr. from 
the equator towards the poles. In which if we number 23 fr. 
30 w. the greateſt declination of the Sun from E to 6g North- 
wards,from A to WSonthward, the line drawne from 69 to 
W hal be the ecliptique, and the lines drawne parallell to the 
equator —_— o and w ſhall be the tropiq ues, 

Hauing theſe common ſections with the plane of the me- 
ridian,if we ſhall diuide each diameter of the Ecliptique into 
90 og”. in ſuch ſort as the Sines are diuided on the Sector. The 
firtt 30 gr. from A toward 69, ſhall ſtand for the ſine of v. The 
30 gr. next following for x. The reſt for . S. N. &c. in the iy 
— So that by theſe meancs we haue the place of the Sun 
forall tune of the years | 


tt. 


Fr 
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If againe we divide 4 P, A S, in the like ſorr, and ſet to 
the numbers 10. 20. 30. & c. vnto go gy. the lines drawne 
through each of theſe degrees parallell to the equator, ſhall 
ſhewy che 9 ion of the Sunne, and repreſent the parallels 
of latitu | 


If Farther we divide A E, Ae, and his parallels in the 


like ſort, and then carefully draw a line through each 15 gr. 
ſo as it makes no angles; the lines ſo drawne ſhall be elliptical 
and zepreſen the:houre-circles, The meridian PF ES the 
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houre of 12 at noone; that next vnto it drawne through 
75 gr. from the center the houres of 11 and 1, that whic is 
drawne through 6 gr. from the center the houres of 10 and 
2, &c. 
Then hauing reſpect vnto the latitude, we may number it 
from E Northward vnto E, and there place the zenith: by 
which and the center the line drawne E AN ſhall repreſene 
the verticall circle, paſſing through the zenith and nadir 
Faſt and Weſt, and the line M 2 it at right angles 
ſhall repreſent the horizon. | 

Theſe two being diuided in the ſame ſort as the ecliptique 
and the equator, the line drawne through each degree of the 
ſemidiameter AE, parallell ro the horizon, ſhall be the cir- 
cles of altitude, and the diuiſions in the horizon and his pa- 
rallels ſhall giue the azimurh. 

Laſtly, if through 18 gr. in A N, be drawne a right line 
IX parallell co the horizon, it ſhall ſhew the time when the 
day — the end of the twilight. 


For cxample of this — let the place of the Sunne 
be the laſt degree of v, the parallell paſſing through this place 


is LD, and therefore the meridian altitude A L, and the de- 
preſſion below the horizon at midnight # D: the ſemidiur- 
nall arke LC, the ſeminocturnall arke C D, the declination 
A B, the aſcentionall difference B C, the amplitude of aſcen- 
on AC. The difference berweene the — of twilight and 
the day breake is very ſmall; for it ſeemes the parallell of the 
Sunne doth hardly croſſe the line of twilight. 

If the altitude of the Sunne be giuen, let a line be drawne 
for it parallell to the horizon; ſo it ſhall croſſe the lell of 
the Sunne, and there ſhew both the azimuth and the houre 
ef the day. As if the place of the dunne being giuen as be- 
fore, the altitude in the morning were found to be 30 gr. the 
line F G drawne patallell to the horizon through 20 gr. in 
AZ, would croſſe the parallell of the Sunne in O. Where- 
fore F © ſheweth the azimuth, & L © the quantitie of houres 
from the meridian. It ſeemes to be about halfe an houre 
paſt © in the morning, and yet more then halfe a — 

ort 
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ſhort of the Eaſt. 
The diſtance of two — may be alſo ſhewed by this pro- 


iection, their latirudes being knowne,and their difference of 
longirude. 

For ſuppoſe a place in the Eaſt of Arabia, hauing 20 fr. of 
North latitude, whoſe difference of longitude from London 
is found by an eclipſe tobe 5 he.. Let Z be the zenith of 
London , the ell of latitude for that other place muſt 
be L O, in which the difference of longitude is L ©.Where- 
fore © repreſenting the ſite of that place, I draw through © 
a paralell to the horizon M H, croſſing the verticall AZ 
neare about 0 gr. from the zenith, which multiplied by 
20, ſheweth the diſtance of London, and that place to be 
1400 leagues, Or multiplied by 60,to be 4200 miles. 


2 The Sphere may be proiected in plano by circular lines, 
as in the generall aſtrolabe of Gemma Friſine, by the help of 
che tangent on the fide of the Sector. 

For let the circle giuen repreſent the plane of the generall 
meridian as before let it be diuided into foure parts, and 
crolled at right angles with E & the equator, and PS the 
circle of the houre of 6, wherein P ſtands for the North pole, 
and & for the South pole. Let each quarter of the meridian 
be diuided into go gr. and ſo the whole into 360, beginning 
from P, and ſetting to the numbers of 10,20,30.&c.90 at , 
180 at S, 270 at E, 360 at P. The ſemidiameters AP, AU, 
AS, A E, may be divided according to the tangents of halte 
their arkes,that is a tangent of 45 gr. which is alwayes equall 
to the Radius,ſhall giue the ſemidiameter of go gr; a tangent 
of 40 gy. ſhall giue do gy. in the ſemidiameter: a tangent of 
35 fr. ſhall giue 70. &c. So that the ſemidiameters may be di- 
uided in ſuch ſort as the tangent on the ſide of the Sector, 
the difference being onely in their numbers. 

Hauing diuided the circumference and the ſemidiame- 
vers, we may eaſily draw the meridians and the parallels by 
the helpe of che Sector. 1 

I e 
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The meridians are to be drawne through both the poles 
and S, and the degrees before graduated in the equator. 
The diſtance of the center of each meridian from A the cen- 
ter of the plane, 15 equall to the tangent of the ſame meri- 
dian, reckoned from the generall meridian PAS E, and 
the ſemidiameter equall to the ſecant of the ſame degree. 

As for example, if I ſhould draw the meridian P B $,which 
isthetenth from P Æ S, the tangent of 10 gr. giueth me 
AC, and the ſecanc of 20 gr.giueth me S C,whereof C is the 

center 


T 
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center of the meridian P BS, and CS hi ſemickameter : ſo 
A Fa tangent of 20 gr. ſheweth F to be rhe center of P DF, 
the twentith meridian from P S, and 4.G a tangent of 
23 fr. 30 M. ſheweth G to be the center of P 69 S. &c. 

The parallels are to be drawne through the degrees, in 
AP, AS, and their correſpondent degrees in the generall 
meridian. The diſtance of the center of each parallell from 4 
the center of the plane, is equallro the ſecant of the ſame pa- 
rallell from the pole, and the ſemidiameter equall to the tan- 
gent of the ſame degree. As if I ſhould draw the parallell of 
80 gr. which is the tenth from the pole S, firſt I open the 
compallesynro A C the tangent of 10 gr. and this giueth me 
the ſemidiameter of this parallel, whoſe center is a little from 
S, in ſuch diſtance as the ſecant S C is longer then the radius 
S A. f 

The meridians and parallels being drawne, if we number 
23 fr. 30 m. from E to S Northward, from ¶ ro M Souch- 
ward, the line drawne from & to ſhall be the ecliptique: 
which being diuided in ſuch ſort as the ſemidiameter A P, 
the firſt 30 gr. from Aro & ſhall ſtand for the fine of Y the 
30 — following for d; the reſt for x. S. N. &c. in their 
order. 

If farther we haue reſpect vnto the latitude, ve may num- 
ber ir from E Northward vnto E, and there place the zenith, 
by which and the center, the line drawne Z A & ſhall repre- 
ſent the verticall curcle, and the line A A N croſſing it at 
right ang les, ſhall repreſent the horizon ; and theſe diuided 
in the ſame ſort as FP, the circles drawne through each 
degree of gheſemidiamerer «AZ, parallell to the | 
ſhall be the circles of altitude: and the circles drawnethrough 
the horizon and his poles, ſhall giue the azimuths. 
Forexample ofthis proiection, let the place of the Sunne 

be in the beginning of , the parallell paliing through this 
place is = © * the meridian altitude L, and 
the depreſſion below che horizon at midnight H, the ſemi- 
diurnall arke LO, the ſeminocturnall arke O , the decli- 


nation AR, the aſcenſlonall difference R O, the ampli- 
| I 2 rude 
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tude of aſtenſion 4 ©, 

Or if A be put to repreſent the pole of the world, then 
ſhall y A SE ſtand for the equator, and SV for the 
ecliptique, and the reſt which before ſtood for meridians, 
may now ſerue for particular horizons, according to their 
ſeuerall eleuations. Then ſuppoſe the place of the Sunne gi- 
uen to be 24 . of d, his longirude ſhall be PI, his right aſ- 
cenfion P H, his declination H J. And if the place giuen be 
19 gr. of Mhis longirude ſhal be PK, his right ion PN, 
his declination N R. Againe, the declination brought to the 
horizon of the place, there ſhew the aſcentionall diffe- 
rence, amplitude of aſcenſion, and the like concluſions ot 
the globe. But I intend not here to ſhew the vſe of the A- 

but the vſe of the Sector in proiection. 


And after this maner may a nocturnall be proiected to 
ſhew the houre of the night, whereof I will ſer downe a 
type for the vſe of Sea-men, 


VP 
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It conſiſts as you ſee of two parts, the one is a plane, diui- 
ded equally according to the 24 houres of the day, aud each 
houre into quarters or minutes, as the plane will beare: the 
line from the cgnter to XII, ſtands for the meridian, and 
X I I ſtands for the houre of 12 at midnight. The other part 
is a rundle for ſuch ſtarres 43 are neare the North pole, toge- 
ther with the twelue monet hs, and the dayes of each moneth 
fitted to the right aſcenſion of the ſtarres. Thoſe that haue 
occaſion to ſee the South pole, may do the like for the Sou- 
therne conſtellations, and put them in a rundle on the back 
of this plane, and ſo it may ſerue forall the world. 

The vſe of this nocturnall is eaſie ind ready. For looke vp 
to the pole, and ſee what ſtarres are neare the meridian, then 
place the rundle to the like ſituation, ſo the day of the mo- 
neth will ſhew the houre of the night. 

The Sphere may be proiected in plane by circular line 
as A the — Aftrolabe of loh.Stopblerin, by help of che 
tangent, as before. 

For let the circle giuen repreſent the tropique of W, let it 
be diuided into foure parts, and croſled at ri e angles witli 
AC the equinoctiall colure, and M B the folſtiriall colure, 
and generall meridian , the center ? repreſenting the pole 
of the world. Let each quarter be diuided into go gr. and ſo 
the whole into 360, beginning from A towards B, The me- 
ridian P., or Þ B, may be diuided according to the tangent 
of halfe his arke. So as the arke from the North pole to the 
tropique of M, being go gr. and 23 gr. 30 m. that is 113 gy. 
30 m. and the halfe arke 56 gr. 43m. the meridian ſhall be di- 
nided into go gr. and 23 fr. 30 . in ſuch ſort as the tangent 
of 56 gr.45 . on the ſide of the Sector is diuided into de- 
grees = ale degrees; of which Pe/ the arke of the equa- 
tor go gr. from the pole, ſhall be giuẽ by the tangent of 45 gy. 
And P og the arke of the Summer tropique 66 gr. 30 m. from 
the pole, ſhall be giuen by the tangent of 33 fr. 15. And 
the circles drawne 2 the center P through Æ and S, ſhall 
be the equator, and the Summer tropique. f 
Haning the cquator and both r che eclip- 
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tique VS = WY ſhall bedrawne from the one tropique to 
che other, through the interſection of the eq r and the 
equinoctiall colure. And it may be firſt into the 
twelue Signes after this maner: I E the arkg of the pole of 
che ecliptique 23 gr. 30 m., from the pole of the world, ſhall 
be giuen by the rangent of 11 gr. 45 m. The center of the 
circle of longitude paſſing through this pole E Y and =,ſhal 
be found at D (ſomewhat below I) by the tangent of 66 gy, 
30 . Then through D draw an occult line parallell to A C, 
and divide it on each ſide from D, in ſuch fort as the tangent 
is diuided on the ſide of the Sector, allowing 45 gr. to be e- 
quall to DE. So the thirtith degree from D toward the 
right hand, ſhall be the center of the circle of longitude paſ- 
ſing through E x and m. The ſixtith degree, the center of & 
E. The chirtith degree from D toward the left hand, the 
center of X E . The ſixtith, che center of s EN, And the 
other intermediate degrees ſhal be the centers to diuide each 
Signe into 30 gr. 

farther we haue reſpect vnto the latitude, we may (the 
meridian being before diuided) number it from P Northward 
vnto , and there place the North interſection of the meri- 
dian and horizon: then the complement of the latitude be- 
ing numbred from P Southward vnto Z,ſhall there giue the 
zenith; and go gr. from E Southward vnto F, ſhall there giue 
the South interſection of the meridian and horizon. The 
middle berweene F and H ſhall be G the center of the hori- 
zon Y = F, paſſing through the beginning of Y and =, 
vnleſſe there be ſome former error. 

All parallels to the horizon may be found in like ſort by 
their interſections with the meridian, and the middle be- 
eweene thoſe interſections is alwayes the center. 

The æimuths may be drawne as the circles of longitude 
were before, For the center of the firſt verticall Y Z = will 
be found at I (ſomewhat neare vnto i by the tangent of the 
latitude. And if through I we draw an occult line parallell to 
Ac, and diuide it on each fide from I, in ſuch ſort as the tau- 
gent is diuided on the fide of the Seller, allowing 45 gr. to be 
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equall to /Z; theſe diuiſious ſhall be the centers, and che 
diſtance from theſe diuifions vnto EZ, ſhall be the ſemidiame- 
ters whereon to deſcribe the reſt of the aaimuths. 

For example of this proiection, let © the place of the Sun 
giuen be to gr: of d: a right line drawne from P through this 
place vnto the equator, ſhalb there ſhe his right aſcenſion 


YK, and his declination K O. Then may we on the center P 


and ſemidiameter © P,draw an occult parallell of declinati6, 
croſſing the horizon in L and A, the meridian in G and N. 


So 


* 
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So the right lines P L and PA produced, ſhall ſhew the time 
of the Sunnes riſing and ſerting, Y A the difference of aſ- 
cenſion, & the difference of deſcenſion, V L the amplitude 
of his riſing, and M the amplitude of his ſerting. TGA 
ſheweth the length of the day, LNA the length of che 
night. Z G ſheweth his diſtance from the zenith at noone, 
HN his depreſſion below the horizon at midnight. And then 
hauing the altitude of the Sunne at any time of the day, the 
interſection of the ell of altitude with the paralſell of 
declination, ſheweth the azimuth , and a right line drawne 


from ↄ through this interſectiõ, giueth the houre of the day. 


The Sphere may be proiefted in plans by circular lines, 
er che — of che old concaue hemiſphere, by che help 
of the tangent on the ſide of the Sector. 

For let the circle giuen repreſent the plane of the hori- 
zon, let it be diuided into foure and croſſed at right 
angles with & N the meridian, and E the verticall; ſo as $ 
may ſtand for the South, N for the North, E the Eaſt, / the 
Weſt part of the horizon, and the center E repreſenteth the 
zenith. Let each — of the horizon be diuided into 90 
er. and fo the whole into 360 gr, beginning from N, and ſet- 

ting to the numbers of 10.20. 30. &c. go at E, 180 at S, 250 
at Y, 360 at N. 

The ſemidiameters Z N, E S, may be diuided according 
to the tangent of halfe their arkes: So as the arke from the ⁊c- 
nith to the horizon being go gr. and the halfe arke 45 gr. 
the ſemidiameters are to be diuided in ſuch fort as the tan- 
gent of 45 gr. as was ſhewed before in the ſecond proiection. 
And if from Z we draw circles through each of theſe diuiſi- 
ons, they ſhall be parallels of altitude. 

Then hauing reſpect vnto the latitude, we may (the me- 
tidian being diuided) number it from E to , and 
there place the interſection of the meridian and 7 
The complement of the latitude from Z vnto P, ſhall there 
gine the pole of the world, and go further from P ſhall there 
give the other intexſcftion of the meridian and * 
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The middle betweene theſe interſections ſnall be A, the cen 


ter of the equator, paſſing through E and V, vnleſſe there be 


ſome former error. The interſections of the tropiques de- 
pend on the equator. From . 23 gr. 30 w.farther ſhal be W, 
the interſection of the meridian & the Southerne tropique. 
From /E 23 $7.30 w.ncarerſhall be ꝙ, the interſection of the 
meridian and the · Northerne tropique. The interſections of 


che other intermediat parallels, ſhall be giuen in like ſort, by 


their degrees of diſtance from the equator, and the * 
N ets nt x 5 
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betweene thoſe interſeQions is alwayes the center. a 

The houre circles may be here draw ne as the azimuths in 
the third proiection. For the center of E P Y, the houre of 6 
will be found at B (ſomewhat neare vnto N) by the tangent 
of the latitude. And if through B we draw an occult lin e pa- 
rallell vnto E V and diuide it on each fide from I, in ſuch 
ſort as the tangent is diuided on the ſide of the Sector, allow- 
ing 45 tr. to be equall to B P, and 15 fr. for euery houre: 
thoſe diuiſions al be the centers, and the diſtance from 
theſe diuiſions vnto P, ſhall be the ſemidiameters, M here on 
to deſcribe the reſt of the houre circles. 

The ecliptique may be drawne as the _ For the 
center of that halfe which hath Southerne declination, ſhall 
be giuen by the tangeut of the altitude, which the Sun hath 
in his entrance into M. And the center of the other halfe, by 
the tangent of his altitude, at his entrance into S. And it may 
be 4 14 in the former proiection, or elſe by tables cal- 
culated to that purpoſe. 

To theſe circles thus drawne,if we ſhall adde the moneths 
of the yeare, and the dayes of each moneth , as we may well 
| doe, at the horizon, on either ſide berweene the tropiques; 

this proiection ſhall be fitted for the moſt vſefull concluſions 
of the globe. 

For the day of the moneth being giuen, the parallell chat 
ſhooteth on it, doth ſhew what declination the Sunne hath 
at that time of the yeare. And where this parallell croileth 
the ecliptique, there is the place of the Sunne. Or the place 
of the Sunne being firſt giuen, the ell which croſſeth it 
ſhall at the horizon ſhew the day of the moneth . Either of 
cheſe then being — - 4 the parallell of declination, 
we may follow it firſt vnto the horizon, there the diſtance 
of the end of the parallell from E or V, ſheweth the ampli- 
rude ; the ſame among the houre circles ſheweth the time 
when the Sunne riſeth or ſetteth. Then hauing the altitude 
of the Sunne at any time of the day, the interſection of the 
parallell of declination with the parallell of altitude, ſheweth 
the houre of the day; and a right line drawne from Z 


through 


| 
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through this interſection to the horizon, giueth the i- 


muth. 

Thus in either of theſe proiections, that which is other- 
wiſe moſt trouble ſome, is eaſilyj done by the help of the ta- 
gent line: and what I haue ſaid of this line, the ſame may be 
wrought by ſcale and numbers out of the table of Tangents. 


CHAP. IV. 
Of the reſolution of right-line Triangles. 


* all Triangles there being ſix parts, viz. three angles and 
three ſides, any three of them — giuen, the reſt may 
be found by the Sector. 


As in a Rectangle triangle, 
1 To finde the baſe , both ſides berwg giuen. 


Let the Seclor be opened in the lines of Lines to a right 
angle, (as before was ſhewed Cap.2. Prep. .) then take out 
the ſides ol the triangle, and lay them, one on one line, the 
other on the other line, ſo as they meete in the center, and 
marke how farre they extend. For the line taken from the 
termes of their extenſion, ſhall be the baſe required, viz. the 
ſide oppoſite to the right angle. 

Or adde the ſquares of the two ſides(as in Prop. 4 Superf.) 
nd the ſide of the compound ſquare ſhall be the baſe. 


2. To fund the baſe by hauing the angles, 
and one of the ſides giuen. 


Take the fide giach, and turne it into the parallel] ſine of 
his oppoſite angle; ſo the parallell Radius ſhall be the baſe. 


3 To finda ſide by hauing the baſe, 
and the other ſide giuon. 


Let the Sector be opened in the lines of ines to a right 
| K 2 angle, 
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angle, and the (ide ginen laid on one of thoſe lines from 
the center; then take the baſe with a paire of compaſſes, and 
ſetting one foote in the terme of the giuen ſide, turne the 
other to the other line of the Sector, and it ſhall there ſhew 
the ſide required, 

Or take the ſquare of the ſide out of the ſquare of the baſe 
(as in Prep. 4. Swperf.) and the ſide of the remaining ſquare 
ſhall be the ſide required, 


4 To find a ſide huuing the baſe 
and the angles giuen. 


Take the baſe giuen, and make it a parallel! Radius, fo 
the parallell ſes of the angles, hall be the oppoſite ſides re- 
quired. 


5 Tofind aſide by hauing the other ſide 
and th: angles giuen. 


Taxe che ſide given, and turne it into his parallell ſme of 


hisoppoſite angle; ſo the parallell fine of the complemenc 
ſhall be the ſide required, 


6 To find the ang hau ing the baſe 
and ent ofthe bdes ginen. 


Firſt take out the baſe giuen, and laying it on both ſides 
of the Sector, ſo as they may meete in the center, and marke 
how farre itextendeth.. Then take out the laterall Radius, 
and to it open the Sector in the termes of the baſe. This 
done, take out the ſide giuen, and place it alſo on the ſame 
lines of the Sector from the center. For the ꝓarallell taken 
in the termes of this fide, ſhall be the ſine of his oppoſite 


angle. 

85 take the baſe giuen, and make it 2 —— Radius; 
then take the ſide gen, and carrie it parallell to the baſe, 
till it ſtay in like for 3 fo they ſhall giue the quantitie of 


the 
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the oppolice angle. 


7 To finde thn angles by buning both the 
| fades ginen. 


6& 


Take out the greater fide, and lay it on both ſides of the 
Sector, ſo as they meete in the center, and marke how farre 
it extendeth. Then take the other ſide, and to it open the Se- 
dor in che termes of the greater ſideʒ ſo the ell Radius 
ſhall be the tangent of the leſſer an gle. The third 
wayes knowne by the complement. 


8 The Edle being given la find the tangent, 


ird angle 1s al- 


and [ecant of any arte. 
9 Thetangent of any arke — giuen to find 
the tangent thertof, and the Radius. 
Io The ſecant of any arke being giueu, to fiad 
the tangent thereof aud the Radius. 


The tangent, and the ſecant, together with the Radius of 
euery arke,do make a right angle triangle; whoſe ſides are 
the Radu and tangent, and the bale alwayez the ſecentz and 
the angles alwayes knowne by reaſon of the giuen arkes, 
Wheretore the ſolution is the ſame with thoſe before. 


In any right-lined triangle whitſotuer, 
11 To find a ſide by knowing the other two ſides, 
and the angle cantained by them. 


Let the Setter be opened in the lines of lines to the angle 
en, then take out the ſides of the triangle, & laying them 
We on the one line, the other on the other, ſo as they 
meete in the center, marke how far they extend. For the line 
taken betweene the termes of their extenſion, ſhall be the 


third ſide required, 
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12 To find « ſide by hauing the other two ſides, 
and one of the adjacent ſoit be 
knowne which of the angles 
is acute or oblique. 


Let the Setter be opened in the lines of liner to the angle 
iuen, and the adiacent fide layd on one of thoſe lines from 

— centerʒ then take the other fide with a paire of compal- 
ſes, and ſetting one foote in the terme of the former giuen 
ſide, turne the other to the other line of the SeBerwhich here 
repreſenteth the ſide uired, and it ſhall cralle it in two 
places;but with which of them in che terme of the ſide requi- 
red, muſt be iudged by the angle. | 

As if in the triangle following, the ſide 4 C being giuen, 
and the fide CD and the angle C AD 18 gr. 40 . it were re- 
quired to find the fide AD. - 

Firſt I open the Sector in the lines of liner to an angle 
18 gr. 40 m. and laying the adiacent fide from the center A 
it exrendeth to $00 in C. Then I take the other fide CD wit) 
the compaſſes, and ſetting one foote in C, and turning the o 
ther to the other line of the Seer, I find chat it doth croſſe 
it both in B and D; ſo that it is vncertaine whither the fide 
required be AB or AD, onely it may be iudged by the an- 
gle. For if the in ward angle where they croſſe be obtuſe, the 
fide required is the leſſerʒ if it be acute, it is the greater. 


To mp the ang le. 
2 — 


Take the ſide giuen, and turne it into the parallell ſine of 


his oppoſite angle; ſo the parallell ſines of the other ang! 
ſhall be the oppoſite ſides required. 80 


70 
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7 the proportion of the ſides 
Tl — 


Take the laterall lines of the ang les, and meaſure them in 
the line of lines. For the numbers belonging to thoſe lines 
do giue the proportion of the ſides. 


15 To fade an angle by knowing the 
three ſides. 


Let the two containing ſides be layd on the lines of the 
Seftor from the center, one on one line, and the other on the 
other and let the third fide, which is oppoſite to the angle 
required, be fitted ouer in their termes: ſo ſhall the Seller be 
opened in thoſe lines to the quantitie of the angle required. 

The quantitie of this angle is found as in Cap.z. Prop.8. 


16 Tofinde an angle by lauing two ſides 
and one adiacent angle. 


Firſt take out the ſide oppoſite to the angle giuen, and 
laying it on both ſides of the Sector, ſo as they meete in the 
center, marke how farre it extendeth; then take out the late- 
rall ſine of the angle, and to it open the Sector in the termes 
of the firſt fide: this done, take out the other ſide giuen, and 
place it alſo on the ſame lines of the Sector from — center, 
for the parallels taken in the termes oſ this ſide, ſhall be the 
ſine of the angle o mo to the ſecond (ide. 

Or take out the 6 oppoſite to the angle giuen,and make 
it a parallel! ſine of that anglezthen cake S other ſide ginen 
and carrie it parallell to the former, till it tay in like ſines: 
ſo they ſhall giue the quantitie of the angle oppoſite to the 
ſecond ſide. 
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17 ag ao. — two ſides, 
and the angle contained by them. 


Firſt find the third fide by the 11. Prop. and then the an- 
gles may be found by the 15.or 16.Prop. 

For practiſe in each of theſe caſes, we may vſe the exam- 
ples following, wherein CE A, C EB, CED ve rectangle 
in Eʒ the reſt conſiſt of oblique angles. 


— ee 
* 
* 
- 
- 
. 
* 
£00+++++0—0++—— 


Foz BD LT 5 » 


For obſeruation of angles, the Seſter may haue fights ſet 
on the moueable foote; ſo that by looking — 2 
the edges of the Sector may be applied to the ſides of the 
angle. K 
or 


Reſolutianiof vight-hne Triangles: 23 


For meaſuring of the ſides of leſſer tri- 
angles, arly ſcale may luffice, either offeere, 
or inches, or _ panes. Bus for greater tri- 
angles, eſpecially for pl 
bold it fit to vie a chaine TEE ches 
in length, diuided into an hundred links. 


Far ſo the length being multiplied into 
the btedtli, thę fuelaſt figures giue che 
content in roods.and,pexches hy this (Table; 


of grounds, 


the ocher figures toward the. left, hand,, doe 


ſhew the number of acres directly. 

As if in the former tmwigle 40D, the length 
AD be 9 chaines 55 links, the bredch 
CEbez —— and — ; theſe mul- 
tiplied giue t e coiſtent the long ſquare 
— 43 — the Kalfe —— — 
is 1. 21600, that is 1 acre, 21600 parts of 
100000, of which laſt fiue figures, 40000 
giue 32 perches, and the remainder 1000 
giue better then two perches more. 
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CHAP. V. 
Of the reſolution of ſPherical triangles. 


Or our practiſe in ſphericall triangles, ler A be the equi- 
Faogilpoine, ED ipti —— 
ting the longitude of the Sunne in the beginning of v, 
3 & an arke of the deelination from the Sunne to the eque- 
tor, _ AC anarkeof the equator repreſenting the right 
aſcenſion. Fn 


Ty 
2 , % 
E 
0 
4 = | 41] 3 
3 o 2 38.79 
* . n 


Let B D be an arke of the horizon enting the am- 
plitude of the Sunnes riſing from the Eaſt, and B E an arke 
of the herizon for his ſetting from the Weſt: ſo DC ſhall be 
the difference of aſcenſion, and C E the difference of deſcen- 
ſion A D the oblique aſcenſion, and AE the oblique de- 
ſcenſion of the ſame place of the Sunne in our latitude at 
Oxford of 51 gr. 45 m. whoſe complement 38 fr. 15 m. is 
— at E and D. The triangles 4 C B, Dc 2, EC, 
are rectangle in C: the other A D B, AE B, conſiſt cuery way 


of oblique angles. 
Or 


DD 5a nn = a , = HW... cz ci. 


DY 5 Ct = wes 


4 
Or to fit an example nearer tothe latitude of Lenden. Let 
Z P S repreſent the zenith pole and Sun, Z P being 38gr. 
30 m. che complement of the latitude, PS 30 gr. the comple- 
ment of the declination, nd Z & 40 gr. the complement of 
the Suns altitude. The angle at Z ſhall ſhew the azimuth, and 
the angle at P, the houre of the day from the meridian. Then 
if from Z to PS we let downe a perpendicular Z R, we ſhall 
reduce the —_— triangle into two rectangle triangles 
Z RP, ERS. Or if from S to Z we ſet downe a perpen- 
dicular S A, we ſhall reduce the ſame Z & into two other 
triangles, S AZ, & MP, rectangle at M: whatſoeuer is ſaid 
of any of theſe triangles, the ſame holdeth for all other tri- 
angles in the like caſes. 
or the reſolution of each of the ſe, there be ſeueral wayes. 
I onely chuſe thoſe which are fitteſt for the Seftor, wherein 
if that be remembred which before is ſhewed in the generall 
vie of the Settor concerning laterall and parallel! entrance, 
it may ſuff ice onely to ſet downe the proportion of the three 


7 — to the fourth required, and ſo I ſhew firſt by che 
Eau alone. 
L 2 In 
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„%  Reſolutionof ſbiricall triangles; 
In a rectangle triangle 
1 To fide 4 fide by knowing the baſe, and th 
= + » Sour 2 


As the Radius. 
is to the ſine of the baſe: - 
So the ſine of the oppoſite angle 
to the ſine of the ſide required. 


As in the reQangle A U B,hauing the baſe AB, the place 
ef the Sunne 3o gr. from the oquinogtiall point, and the an 
gleBACof 23g 30 m. the greateſt declination, if it were 

uired to find the [ide B C the declination of the Sunne. 
ake either the laterall ſine of 23 gr.zow. and make it a 
allell Radius; ſo the parallell fine of 30 gr. taken and mea- 
Fared in the fide of the Sector, ſhall gme the ſide required 
11 gr. 30 w. Or take the ſine of zo gr. and make it a parallell 
Radins;fo the — line of 23 gr. 30 m. taken and meaſured 
in the laterall ſines, ſhall be 11 fr. 30 *. as before. 

So in the triangle ZP & hauing Z P 38 gr. 30 . and the 
angle P 31 fr. 34 *. giuen, we ſhall find the perpendicular 
ZR to be 19 gr. 1 ; or hauing PS 70 gr. and the ſaid 
angle P 3 gr. 34 *. giuen, we may finde the perpendicular 
SA to be 29 fr. a8 . | 


2 To finde a (ide by knowing the baſe 
| andthe other (ide. 


As the line of the complement of rhe ſide giuen 


is to the Radius: 
So the fine ofthe complemenr of the baſe 

to the ſine of the complement of the ſide required. 
Soin the retangle A C _ zo gr. and BC 11 gr, 

30m.giuen, the ſide eF © will be found 22 fr. 54 w. 
Or in the rectangle Z R , hauing Z P — . and Z & 
29 fr. i w.giuen, the fide & F will be found 34 fr. * 
3 3 To 
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3 11 —— 


As che ſine of either angle 
to the ſine of the complement of the other angle: 
So is the Radius f 
to the ſine of the complement of the (ide oppoſite 
to the ſecond angle. 


So in the rectangle AC , hauing CA Bfor the firſt me 
22 gr. 30 and ABC fortheſecond 69 gr. ai w.thelide A C 
will be found 27 fr. 54. Or making A B C the firſt angle, 
and CAB the ſecond, the fide BC will be found 11 gr. 30 m. 


4 To fade the baſe by knowing both the ſides. 


As the Radius 
to the ſine of the complement of the one ſide: 
So the ſine of the complement of the other ſide, 
to the ſine of the complement of the baſe required. 


So in the rectangle 4 CB having 4 C 27 fr. 54. and BC 
11 gr. 30 m. the baſe 4A B will be found 30 gr. 


To finde the baſe by knowing the one (ide, and the 
1 angle oppoſite to that ſide. 


As the fine of the angle giuen, 

to the ſine of the ſide giuen: 
So is the Radius 

to the ſine of the baſe required. 


So in the rectangle BC D, knowing tlie latitude and the 
declination, we may find the amplitude; as hauing B C the 
ſide of che declination 2 rgr. 30m. and BDC the angle of 
the complement of the latitude mp the baſe BD 
which is the amplitude, will be found to be 18 gr. 47 *. 
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a8 Reſolution of uri Triangles, 
6 To find an angle by the other oblique angle, andthe 
ſode oppoſite to the inquired angle, * 
As the Radius 
to the line of the complement of the ſide: 
So the line of the angle giuen, 
to the line of the complement of the angle required. 
So in the rectangle A CB, having the angle BAC 23 gr. 


30 m. and the ſide A C 27 gr. 54 . the angle A BC will be 
found 69 gr. 21 m. 


7 T's finde an angle by the other oblj les 
— — y 


As the fine of the complement of the fide 

to the fide of the complement of the angle giuen: 
So is the Radius 

to the ſine of the angle required. 


So in the rectangle A C B, hauing BA C 23 gr. 30 . and 
BC 11 gr. 30 . the angle A B C will be found 69 gr. ai m, 


8 To finde an angle by the baſe, andthe file 
oppoſite to the inquired angle. 
Asthe ſine of the baſe 
is to the Radius: 
So the ſine of the ſide 
to the ſine of the angle required. 


So in che rectangle B CD, having BD 18 gr, 47m. and 
BC 2 the angle BD C will be found 38 fr. 15 w. 
Theſe eight Propoſitions haue been wrought by the fines 
alone; thoſe which follow require ioynt help of the rangent. 
And foraſmuch as the tangem could not well be extended 
beyond 63 gr.30 . I ſhall ſer downe two wayes for the reſo- 
lution of each Propoſitiony if the one will not hold, the o- 
ther may. 
9 To 
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9 Tofnde a fide by baning the other full, end the 
angle oppoſite to the inquired ſine. 


1 As che Radius 
to the ſine of the ſide giuen: 
So the tangent of the angle, 
to the tangent of the ſide required, 


2 As the ſine of the ſide giuen, 
is rothe Radi | 
So the tangent of the complement of the angle, 
to the tangent of the complement of the ſide required, 


So in the rectangle ACB,hauing the right ſide AC 27 fr. 
4 nd the angle BA C 23 fr. 30 . the ſide B C will be 
d to be 11 ge. 30 5. 


10 To find «ſide,by hauing the other ſide, and the 
angle adiacent next to the inquired ſide. 


1 As the tangent of the angle, 
to the tangent of the La ginen; 
So is the Radius 
to the ſine of the ſide required, 


7 


2 As the tangent of the complement of the ſide, 
to the tangent of the complement of the angle: 
So is the Radius | 
to the (ine of the ſide required. 


This and the like, where the tangent ſtandeth in the firſt 
place, are beſt wrought by paralle!! entrance. And fo 
in the rectangle BC D, hauing B; C the ſide of declination 
12 gr. zo m. and g; D O the angle of the complement of the 
lat tude 38 gy.15 mw. the fide D C, which is the aſcenſionall 
diff:rence,will be tound 14 fr. 57. 

By the aſcenſionall diferentes is giuen the time of the 
Sunacs riſing and ſetting, and length of the day; allowing 
an 


an houre for each 15 gr. and minutes of time for each ſe- 
uerall degree. As in the example the difference betweene 
the Sunnes aſcenſion in a right ſphere, - which is alwayes at 
6 of the clocke, and his aſcenſion in our latitude being 14 gy, 
57m. it ſheweth that the Sunne riſeth very neare an houre 
before 6, becauſe of the No e declination; or after 6, if 
the Sanne be declining to the Southward. 


11 To finde 4 fide by knowing thebaſe, and ile 
angle adjacent next to the — ede. 


1 As the Radius 
to the ſine of the complement of the angle: . 
So is the tangent of the baſe, reel | 
to the tangent of the ſide required. 


is to the Radius: 
So the tangent of the complement of tlie baſe, 
to the tangent of the complement of the ſide required, 


2 As the ſine of the complement of the angle | 


So in the rectangle A C B, knowing the place of the Sun 
from the next equinoctiall point, and the angle of his grea- 
reſt declination, we may find his right aſcenſion : viz. the 
baſe A B 30 gr. and the angle BAC 23 fr. 30. being giuen, 
the right aſcenſion A C will be found 27 gr.54 w. 


0 the baſe ; 
9 


As the — — 3 le, a 
to the tangent e complement of the other angle: 
$0 n the Radius Ts 
to the {ne of the complement of the baſe. 


So in the rectangle A C B,hauingBAC 23 a 
ABC 69 $7.32. thebaſs AB yi be found 50 or; | 
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13 To finde the baſe,by ene of the ſidts aud the 
angle adjacent next that ſide, 


1 As the Radius 
isto the line of the complement of the angle: 
So the tangent of che complement of the ſide, 
to thetangent of the complement of the baſe. 


2 As the ſine of the complement of the angle 
is to the Radius: 
So the tangent of the ſide giuen, 
to the tangent of the baſe required. 


So in the rectangle 4 C, hauing AC 27 gr.54m. and 
BAC 23 fr. 30 n. the baſe A B will be found 30 gr. om. 


14 To find an angle, iy knowing both the ſides. 


1 As the Radius 
is to the line of the ſide next the inquired angle: 
So the tangent of the complement of the oppolite (ide, 
to the tangent of the complement of the angle required. 


— 


2 As the ſine of the ſide next the inquired angle, 
is to the Radius: 
So the tangent of the oppoſite ſide, 
to the tangent of the angle required. 


Fo in the rectangle A C B, hauing A C 27 gr. 54 w. arid 
BC 11 gr. 30 . the angle at A will be found 23 gr. 30 nd 
the angle at B 69 gr.27w. 


15 Tofinde an angle, by the baſe, and the fide 
adiacent to the — 


4474 


; t As the tangent of the complement of theſide, 
to the tangent of the complement of the baſe: 
M 


* 
* 
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82 | Reſolution of ſphericall Triangles. 
So is the Radius ; 
to the fine of the complement of the angle required. 


z As the tangent ofthe baſe, 
to the tangent of the (ide: 
So is the Radius, | 
to the fine of the complement of the angle required. 


So in the rectangle BCD,hauing the baſe BD 18 gr.47 . 
and the ſide BC — gr. 30 . the angle D B C between — 


will be found 53 gr. 16 m. 


16 To find an angle, iy knowing the other 
obl:que —— the 4 


1 As the Radius, 
to the ſine of the complement of the baſe: 


So the tangent of the angle giuen, 
to the tangent of the — of the angle required. 


2 As the ſine of the complement of the baſe, 
is to the Radius: 
So the tangent of the complement of rhe 
to the tangent of the angle required: 


e giuen, 


Jo in the rectangle A C B, having the angle at A 23 gr. 
30 m. and the baſe A B 30 gr. the angle A B E wil be found 


G69 gr. 21 W. 
eſe ſixteen caſes are all that can fall out in a rectangle 


criangle: choſe which ſollow do hold 
In any ſpbericall triangle v hatſoeuer 
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Reſolution of ſpherical Triangle. 8, 
As the fine of the angle oppoſite tothe lide giuen, 
is to the ſine of as ſide giuen: Y 
So the fine of the angle oppoſite to the fide required, 
to the line of the fade required. 


So in the triangle A B E, having the place of the Sunne, 
the latitude, and the greateſt declination, we may ſinde the 
amplitude. As hauing A B 30 fr. BA E 23 gr. 30 . and AEB 

8 gr. 15. the fide B E which is the amplitude, will be 
— 18 gr. 47 . 


18 Tofiade an angle oppoſite to a ſide ginen by having 
—_— and two ſides, the one oppoſite to 
tbe given ar gle, the other to 
the ang e required. 


As the ſine of the ſide oppoſite to the angle giuen, 
is tothe (ine of that angle giuen: 

So the line of the ſide o — to the angle required, 
to the ſine of the angle required. 


Co in the triangle Z PS, hauing the azimuth , and lati- 
rude, and declination, we may find the houre of the day. As 
hauing F Z & 130gr. 3. PS 30 gr. and Z & 40 gr. the an- 
ple Z PS, which ſheweth the houre from the meridian ſhall 

e found 31 gr. 34 ww. 


19 To find as angle by knoxing the three ſides. 


This propoſition is moſt vſefull, but moſt difficult of all 
others: as in Arithmetique, ſo by the Sefor, yet may it be per- 
formed ſeuerall wayes. 


x According to Regiamontamus and others. 


As the fine of the leſſer ſide next the angle required, 
to the difference of the verſed fines of the baſe and diffe- 
So is the Radius (rence of the ſides: 

co a fourch proportionall, 
M 2 Then 
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8 Reſalution of Phericall triangles. 


Then as the fine of the greater ſide next the angle required 
is to that fourth proportionall e 

So is the Radius 
to the verſed line of the angle required. 


So in the triangle Z PS,hauing the ſide P S, the cõplement 
of the declination 70 gr. o m. the ſide Z the complement of 
the latirude 38 gr.30 w. and the baſe Z $ the complement of 
the altitude 40 fr. the angle of the houre of the day ZPS will 
be found 31 gr.34 m.which is 2 b. 6 mv. from the meridian. 

For the baſe being 40 gr. o m.and the difference of the ſides 
38 fr. 30 . and 70 fr. o m. being 31 gr. 30. the difference of 
their verſed ſines wil be the ſame with the diſtance between 
the right ſine of 30 gr. and 38 gr. 30 . This difference I cake 
out, and make it a parallell fine of the leſſer ſide 38 gr. 30 m. 
ſo che parallell Radius wil be the fourth proportionall. Then 
coming to the ſecond operation, I make this fourth propor- 
tionall, a parallel ſine of the greater ſide of 20 fr. o m. and take 
out his parallell Radius. For this meaſured from go. gr. toward 
the center, will be the verſed ſine of 31 gr.34w, 

In the like ſort in the fame triangle Z P S, hauing the ſame 
complements giuen, the angle P Z & which is the azimuth 
from the North part of the meridian, will be found 130 gr. 
3 . For here the baſe oppoſite to the angle required being 
70 gr. and the difference of the ſides 38 gr. 30 W. and 40 gr. 
being 1 gr. 30 m. the difference of their verſed lines will be 
the ſame with the diſtance betweene the right lines of 20 gr. 
and 88 gr. 30 . This difference I take, and make it a parallel 
ſine of the leſſer ſide 38 gr. 30 m. ſo the parallell Radius will 
be the fourth proportionall. Then coming to the ſecond o- 
peration, I make this fourth rater gr a parallell ſine of 
the greater ſide 40 gr. and take out his parallell Radius; For 
this meaſured from go gr. beyond the center in the lines of 
fines ſlretched forth at their full length, will be the verſed 
line of 130 fr. 3 . | 


2 I may finde an angle by knowing three ſides, by that 
which I haue elſeu here demonſtrated vpon Bartb. Piti ſca, 
and 


Refolution of ſpherical triangles; ' 8 
and chat at one operation in this maner. 
As the ſine of the greater (ide 
is to the ſerant of the complement of the other fide: 
So the difference of fines of che complement of the baſe, 
and the arke compounded of the leſſer fide with the 


complement of the greater, 
to the verſed ſine of the angle required. 


So in the ſame triangle Z P, -haning the ſame comple- 
ments giuen, the an Ge P,winch ſhewerh the houre from 
the meridian,will be found as before 31 gr. 34 . 

For the ſides being 38 g. 30 m. and 70 gr. o w. l take the ſe- 
cant of the complement of 38 fr. 30. and make it a — 
tell ane of 70 gr then keeping So Sector at this angle, I 
conſider that the complement of 70 5. being 20 fr. added 
vnto 38 gr. 30 m. the compounded fide ( which is here the 
meridian altitude) will be 38 gr. 30 and that the baſe be- 
ing 40 fr. the difference of ſines of the compounded fide 
and the complement of the baſe will be (as before) the di- 
ſtance berweene the ſines of 50-gy. and 5$gr.30umn Where- 
fore I take our this difference, and lay it on both the lines of 
ſomes ſrom the center: ſo the parallell taken in the termes of 
this difference, and meaſured from 90 gr. toward che center, 
doth giue the verſed fine of 31 gr. 34 *. 

The other angles 7 ZS, PS may be found in the fame 
ſort; but hauing the ſides and one angle, it will be ſooner 
done by that which weſhewed before in the 18. Prep; 


20 Te find aſide iy knowing, the three angles. 


If for — angle we take his complement to180 gr. 
the angles ſhall be turned into ſides, and the ſides into an- 
gles, & tlic operation ſhall be the ſame, as in the former Prop. 


21 To finde 4 ſide,by hawing the vther two ſides, 
and the angle comprehended. 


This propoſition being the conuerſe of the nineteenth, 
M 3 may 


———ä— —B— — 
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86 Reſolution of ſphericell Triangles, 
may be wrought accordingly z but the beſt way both for ir 
andehoſe which follow, is to reſolue them into two rectan- 
les, by letting downe a perpendicular, as was ſhewed in the 
Prop. 

So — che triangle Z? F, hauing Z the complement of 
the latitude, and PS the complement of the declination, 
with Z P $ the angle of the houre from the meridian , we 

find ZS the complement of the altitude of the Sunne. 
* hauing let downe the ndicular Z A by the firſt 
Prop. we haue two — RV, LRS, both rectangle 
at R. Then may we find the ſide PR, either by the ſecond, or 
tenth, or eleuenth Prop; which taken out of PS, leaueth the 
ſide RS: with this R Sand ZR we may find the baſe Z & by 
the fourth —_ 

Or hauing let downe the perpendicular S A, we haue two 
rectangle triangles & M Z, & M P. Then may we find 14 P, 
from which if we take Z P, there remaineth A Z: but with 
Lud A, we may find the baſe L S. 


22 Tu find a ſide, ly haning the other tio ſiles and one 
of the angles next the inquired ſide. 


So in the triangle Z P &, having Z P the complement of 
the latitude, and S the complement of the declination, 
with ZS the angle of the azimuth, we may finde Z S the 
complement of the altitude of the Sunne. 

For hauing Z P, and the angle at Z, we may to SZ produ- 
ced, let done a perpendicular P V. Then we haue two re- 
— 7 triangles, P VZ, PVS, wherein if we find the ſides 
VZ, VS, and take the one out of the other, there will remain 
the (ide inquired ZS. 


23 Tofind a ſide, ly having one ſide, nd the two 
angles next the inquired ſide. 


So in the triangle AB D, hauing AB the place of the ſun, 
and B AD the angle of the greateſt declination, and mr 
che 


% 


Reſolution of Phericall Triangles. 87 


the angle of the equator with the horizon, we may find 4 D 


he oblique aſcention. 
: For — let done ; C the dicular of declina- 


tion, we haue two rectangle triangles, ACB, DCB, Then 
may we find AC the right aſcention, and D C the aſcentio- 
nall difference; and comparing the one with the other, 
there remaineth A D. 


0 3 hasi L les he 
24 To findafudeyby a aud the ſide 


So in the triangle Z P S, hauing the angles at Z and P, 
with che (ide intercepted Z P, we may find the fide P S. For 
hauing let downe the perpendicular PV, we have two re- 
Qtangles PVZ,PVS. — che angle VP Z, ei- 
by the ſeuench, or fiſteenth, or ſicteenth Prep. which added 
tõ Z P S,makerh the angle VPS: wich this VPS and PV, 
we may find the baſe PS, according to the 23 Prop, 


25 Tofind an angle by has ing the other two angles 
and the [ide incleſed by them. 


So in the triangle Z PS, having the angles at Z and P, 
with the fide intercepted Z P, we may finde the other angle 
ZS P. For hauing let downe the perpendicular Z R, we haue 
two rectangles 2 RP, Z RS. Then may we finde the angle 
PZ R by the ſixteenth Prep. and that compared with 
PZ S, leaueth the angle RZS: with this E ZS and E R we 
may find the angle required Z S R, according to che ſixch 


Prep. 


26 To finde an angle, by baning the other two angles 
| — — 1 


So in the triangle A B D, hauing the angles at A and D, 
wich the ſide A B, we may find the angle AU D. For hauing 
let dowae the perpendicular BC, we haue two 2 


inquired angle. 


2 
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88 * Reſolationof pherical triangle. 
AC B,. DOC B. Then may we find the angles ABC, DBC, 


and take D B C out of A B Cyfor ſo there remaineth the an- 
gle required ABD, | 


7 an angle by knowing two ſades, and 
N 12 — — 


So in the triangle Z PS, having the ſides Z P, PS, with 
the angle oomprehended Z PS, we may find the angle PZS. 
For hauing let downe.the — $M, we haue two 
rectangles S MZ, S MP. Then may we find the ſide MP, 
and takin Z P ourof MP, there remaineth MZ: with this 
MZ andthe dicular Ai S, we may finde the angle 
12 5,by the th Prop. This angle M ZS, taken out of 
180 gr. there remaineth PZ S. 


28 To find an anęle ly kuowing the two ſides next it | 
proces of the —— "ata 


So in the triangle & P S, having the ſides Z P and PS, 
with the angle P S, we may find the angle Z PS. For ha- 
uing let downe the cular PY, we haue two rectan- 
gles P VZ, PVS. Then may we find the angles V PZ, VPS; 
and taking V PZ out of VPS, there remain eth Z P $,which 
was required. 

Theſe 28 caſes are all that can fill out in any ſphericall 
triangle: if any do not preſently vnderſtand them, let them 
once more reade ouer the vſe of the globes, and they ſhall 
ſoone become caſie vnto them. 


CHAP, 


iſ as (© EE ET R_r=—_T 8 


The uſe of the Meritlian line; 39 
CHAP. VI. 
Of the cvſe of the Meridian line 


in Nauigation. 


[ * Meridian line is here ſet on the ſide of the Sector, 

ſtretched forth at full — the ſame plane with the 
line of lies and Sabat, and is diuided vnequally toward 87 gr. 
(whereof 22 about one halfe) in ſuch ſort as the Me- 
ridian in the cart of Meveators proĩection. The vſe of it may 


5 877120 
. 1 To dinide a ſei chart cording to Met - 
| ' cators proiection. 


If a degree of the equator on the ſea· chart be equall to 
the hundred part of the line of ſines in the — woods 
of the Meridian vpon the Setter, ſhall giue the like degrees 

the ſea · chart: if otherwiſe they be vnequall, then may 
the meridians of the ſea-· chart be divided in ſuch fore as the 
line of Meridievs is diuided on the Sefor, by that which ws 
ſhewed before in the 8 Prop.of the ling of lia. 

But to auoid error, T haue here ſet downe a Table,where- 
by the Meridian line may be diuided out of the degrees of 
the equaror, ſuppolng each degree to be ſubdiuided into 1 

and parts, By which Table, & the vſuall Table of Sinez, 


Tagen, and Fre ee p may be allo 
— arithmerically. For the maner of diuiſion, let the e- 

uator (or one of the parallels if ir be a particular chart) be 
| mand, and diuided,and croſſed with parallell meridians, as 
in the common fex-chart : then looke into the Table, and 
let the diſtance of 30 gy. in the meridian, from the equator, 
be _ £043 £7.711 parts of the equator; let 30 gr. in the 
meridian from the equator, be equall to 57 gr. gogparts of 
the equator; and ſo inthe reſt. 1 
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*  tels to the equator; 


| R ſo his 


4 
t 
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we of the Meridian lice. 

A any ire to laue his chart to agree with his Softer, he 

. degree of loggirude cquall to the tenth p; 
and · diuide the meridian of 

ol th e — ſh — gree of the chart, be ten 

_ l 15 = on — Selter, and the worke 

| > e to a her. | 


rs s anſwer to balk ree 
lengitude in exery ſ ſexerall latitude. - 


E 9 ng by 5 com „che courſe holds ſometime 

—— pol llel to the equator; 

but — _— ti ypon ked lines winding towards 

'one of the poles, which lines are well knowne by the name 
of Rumbs. 

If che courſe ho vpon a great circle, i it is either North or 

| Souch, I der Iomemeridian, or Eaſt or Weſt, vnder the e- 


quator. And in theſe caſes, euery degree requires an allow - 
ance of — ] 


es, euery twentie leagues will make a 
degrees difference in the failing : ſo that here needs no fur- 
ther precept then the rule of proportion in the Chapter of 


But if the courſe hold Eaſt or Weſt on any of the paral- 


As the Radius 
om — leagues, the meaſure of one degree 
he equator: 
5 — of the complement of the latitude 
the meaſure of 1 anſwering to one degree 
in chat latitude 


Wpengoss 1 take 20 


es out of the line of ſiner, and 
make it a parallel] Radius, 


fitting it ouer in the ſines of 
parallel! I fine taken out of the complement 
and meafared in the line of lines, ſhall ſhew 
— number of lengues required. 2 
us 


h u 
Thus — — — . "is, 
find 19 anſw eg oi lon · 
irude, ; of 25 fr. 
is oy A112 LIE 21: lol: 


14 


— 
45 — arts — by 8 
eichervponghe Sector, ot . 
we open a paire of compatles to the — 2 
of one degree of longitude in the equator, and 
meaſure it in the meridian line, ſetting one ſoot (6c 
23 much about the latitude giuen, as che other 
falfeth beneath it, ſo that the latitude may be i in 
the middle betweene the feete of the 
che number of leagues intercepted {ball be tha | 
which was required. 
But if che © hold vpon any of the — 6 
berweene'# parallell of the equator and che me- 
ridian, we are to conſider belides the quarter of 
— world to which we tend, which muſt be al- 
ayes knone. 

72 T The chfferenct of longitudg at leaſt in general. 
; 2 The difference of latitude, and that in Particular. 

3 The remb whercon che courſe holds. 


4 an Space] = the umb, which is the — 


d. is alwayes ſ 27 e bt 


we are 1 
the like diſtance e cucle. An 
ſhe w in generall rv TO I . 1: 


' To finde how many 1 do anſwer to ont , 
; har” in euery ſcucrall Rumb. . 


As che ſibe of the & plement of the ram fro the meridian, 

s to so leagues the meaſure of one degree at the meridian: 

So the Radius 

do che leaguesanſivering to 7 degree vpon the Rum 
2 


"449A | 


— = 


| 4 OE 5 x Rare... * * — 
0 OR FIRE En ee 


. , 
— * 


Thus in the firſt Rumb from the me- 
ridian, we ſhall finde 20 {gs 39 parts an- 
ſwering to one degree of latitude ,' and 
21 {gs 65 part in the ſecond Rumb, &ce. 
as in this Table, where we ſubdinide 
each e into a hundred parts, and 
ſhew what inclination the rumb 
hath to the meridian. 

This may be done more readily with- 
an — — — 
ecanc of che latitude, as may appeare in 

It may alſo be done vpon the chart, 
if we take the diftance vpon the Rumb 
berweene two ls, and meaſure it 
in the meridian line, as farre aboue the 

— . 1 the leſſer. 
or ſo the number of leagues interoep- 
ted, ſhall be that which vras required. 

This co in generall, I ſhew 
more particularly in twelue 
ing, how of theſe foure any rwo bein 
given, the other rwo may be fou 

by CMecrcaters chart, and by this 


 Thewſtofthi Meridian tet 
8 By one latitude Rum A to find 


the difference of latitades. 
* fn ofch _ —— Rumb from the 
to the line ofche e ; 
So the diftance vpon the Rumb, * 
to the difference of laritudes. 


Let the place giuen be A in the latitude of ein 

— wnknowne,the diſtance v — Rumb 

Es betweene them, and the Rumb che third from 
the meridian. 

Firſt Jtake 6 gy. for the diſtance vpon the Rumb, out of 
the line of lives, and make it a parallell Radius, by putting it 
ouer in the ſines of gorand go. Then keeping ce Seller at 
this angle, I take out the parallell fine of 36 fr. iʒ w.which is 
the fine of the complement of the third Rumb from the me- 
ridian, and meaſuring it in the line of lues, I find it to be 5 gr. 
and ſuch is the difference of latitude required. 

Or I may take out che ſine of 56 gr. 16 *. for the comple- 
went of the third Rumb from the meridian, make it 2 paral- 
lell Radius; then keeping the Ser ar thus angle, I cake 6 gr. 
ſor the diſtance, either out of the line of he, or — 
ſcate of equall parts, or elſe out of the meridian line, and lay 
ic on both ſides of the Seiler from the center, either on the 
line of lines or fes: ſo che parallell taben from the termes of 
this diſtance, and meaſured in the ſame ſcale wherein the di- 
ſtance was meaſured, ſhall ſhew the difference of lacicude to 
be 5 gy: as before. 

But in ſhorter diſtances, ſuch as fall within che compaſſe 
of a dayes ſailing, this worke will hold much better. As may 


appeare by comparing the worke with the Table NOI 
c 


where the numbers in the front do ſigniſie the league ih 
in the ſide, the Rumb; and the reſt in the middle, the diffe- 
xence of latirude. 
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204 The vſe of the Mirilian line. 
In the Chart let a meridian 4 be drywne through 4, 
and in A with AB make an angle of the Rumb 8 4C. 
the ing to the latirude of the places, to 
Fe the ie of s gr. in the meridian, trantferring them 
— 8 to C, and C draw the paral- 
— 


croſſing the meridian AB in I: ſo the in 
meridian from A to B,ſhall ſhew the difference 
to be 5 gy. 


2 By the Rumb andbuth latitudes to fend the 
diflance vpes the Rumb. 
As the ſine of the complement of the Rumb from the meri- 
is to the Radius: (dian, 
So the difference of latitudes, 
to the diſtance vpon the Rumb. 


As if che places giuen were A in the latitude of go gr. 
cin thelatirudeof 5527, and che Rumb the chird from S 


Here I may take 5 gy. forthe difference of latitude out of 
the line of lines, —— . 8 
the complement of the third Rumb from the meridian. Then 
keeping the Joctor at this angle, I rake out the Ra- 

— line of lives, I ſind it co be 6 gr, 


een vpon the Rumb, which was requi- 
Or I may take the laterall Radius, and make it a 


<3)" wn de of cheRumb 
meridian: ing the Sector at this 

for the difference of latitude, eicher out of 
or out of ſome other ſcale of equall parts, and lay 
fides of the Sober from the center, either on the line of las: 


or of fives : ſo the parallell taken from the termes of this diffe. 
—ͤ—ñ—à—fAũ—— — ffs wth the di 


the diſtance vpon the Rumb to be 6 gr. or 120 
Or 


leagues. 


The ofe of the Meridies line: 1035 

Or keeping the Setter at this angle, I may take the diffe- 
rence betweene 50 fr. and 35 fr. out of the Meridian line, and 
meaſuring it in the equator, I ſhal find it to be equall to 8 gr. 
22 p. of the equator. Wherefore I take the parallell betweene 
$22 and 822 out of the line of le, and meaſuring it in the 
line of lines I ſhall find it to be 989; which ſhewes that accor- 
ding to this proiection, the diſtance vpon this third Rumb, 
anſwerable to the former diſtance of latitudes, will be equall 
to 9 gr. 895. of the equator. 

Or the Sector remaining at this angle, I may take the diffe- 
rence betweene o gr. and 33 gr. out of the Meridian line, 
and lay it from the center on both ſides of the Sector, either 
on the line of lines or of fines : ſo the parallell taken from the 


termes of this difference, ſhall be the very line of diſtance re- 


quired,the ſame with A Cor E F ypon the chartgwhich may 
ſerue for the better pricking downe of the diſtance vpon the 
Rumb,wichout taking it forth of the Meridian line, as in the 
former Prop. 

Or if the Rumb fall nearer to the equator,that the laterall 
Radius cannot be fitted ouer in it, this propoſition may be 
wrought by parallell entrance. 

For if I firſt take out the line of 56 gr.t5 m. and make it 4 
parallell Radius, by fitting it ouer in the ſines of go and go, 
or in the ends of the lines of liner, and then take 5 gr. for the 
difference of latitudes out of the line of lines, and carrie it pa- 
rallell to the former, I ſhall find it to croſſe both lines of lines 
in the points of 6: and ſo it giues the ſame diſtance as be- 
fore. 

Or if the diſtance be ſmall, it may be found by the former 
Table. For the Rumb being found in the (ide of the Tabl-, 
and the difference of latitude in the ſame line; the top of the 
columne wherein the difference of latitude was found, ſhall 
give the number of leagues in the diſtance required. 

Or we may finde this diſtance in the Table of Rumbs in 
the fifr Prop. following. For according to the example looke 
into the Table of the third Rumb for 5 gr. of latitude, and 


there we ſhall finde 6 gr. ol parts vnder the title of diſtance, 
P 50 
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So if the difference of latitude vpon the ſame Rumb were 30 

. the diſtance would be 60 £7.13 parts. If the difference of 
— ypon the ſame Rumb were onely ; of a degree, the 
diſtance would be onely 60 parti, ſuch as 100 doe make a de- 


rec. 
- In the chart let a Meridian AB be drawne through A, and 
parallels of latitude through A and C & then in A with 4 B 
make an angle of the Rumb B AC : ſo the diſtance taken 
from eA to C, and meaſured in the Meridian line, according 
to the latitude of the places, ſhall be found to be 6 gr. or 120 
leagues. And ſuch is che diſtance required. 


3 By the diſtance and both lat itudes 
to find the Rumb. 


As the diſtance vpon the Rumb, 
to the difference of latitudes: 

So is the Radius (ridian. 
to the fine of the complement of the Rumb from the Me- 


As if the places giuen were A in the laticude of 50 gr. 
C in the latitude of 55 gy. the diſtance betweene them being 
6 gr.vpon the Rumb. Firſt I take 6 gr.for che diſtance vpon 
the Rumb, and lay it on both ſides of the Seer from the cen- 
ter; then out of the ſame ſcale I rake 5 gr, for the difference 
of latitude, and to it open the Seller in the termes of the for- 
mer diſtance: ſo the parallell Radius taken and meafured in 
the ſiues, doth giue 3 1 5. the complement whereof 33 
4. is the angle of the Rumbs inclination to the Meri- 
ian, xhich was required. 
In the chart let a meridian A B be drawne through A, and 


parallels of latitude both through A and Ci then open the, 


compalles — 8 the latitude of the places to E F the 
quantitie of 6 gr. in the meridian, and ſetting one foote in A, 
turne the other till it croſſe the ell 5 C in C, and draw 
the right line AC: ſo the angle B A C ſhall ſhew the inclina- 
tion of the Rumb to che Meridian to 6ꝓ 2 

Theſe 
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Theſe three laſt Prop. depend one on the other, and may 
be wrought as truly by the common ſea-chart as by this of 
Mereators proiection: and therefore in working them by 
the Sefer,the diſtance and the difference of latitudes may as 
well or better be taken out of the line of lines (which here 
repreſenteth the equator) or any other line of equall parts, 
as out of the inlarged degrees in the meridi in line. Bur in tlie 
propoſitions following, the difference of longitude muſt be 
taken out of the equator; the difference of latitudes and di- 
ſtance vpon the Rumb, muſt alwayes he taken out of the me- 
ridian line; which I therefore call the proper difference, and 
proper diſtance. 


4 By the longitude and latitude of two places 
to find the umb. 


As if the places giuen were A in the latitude of 5o gr. C 
in the latitude of 34 gy. and the difference of longirude be- 
eweene them were 5 gr. 30 ws. 

In the chart let meridians and parallels be drawn through 
Aand C,and a ſtraight line for che Rumb from A to C; then 
by that we ſhewed Cap.2.Prop.g.inquire the quantitie of the 
angle B AC, and it ſhall be fouud to be 33 gr.45 wm. which is 
the third Rumb from the Meridian. Wherefore the propor- 
tion holds for the Sector, 


As A B the proper difference of latitude, 
is to B C the difference of longirude : 
So AB as Radius, 
to B C the tangent of the Rumb from the Meridian. 


According to this I take the proper difference of latirude 
from zo gr. to 55 gy. out of the line of averidiant, and lay it on 
both ſides of the Seſter from the center;then ] take the diffe- 
rence of longitude g5 gr. out of the line of hoe, and to it o- 
pen the Setter in the termes of the former difference of lati- 
rudes; ſo the parallell Radius taken from berweene go and 
50,and meaſured in the greater tengent on the ſide of = Se- 

F< or, 
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Aer, doth giue 33 gr.45 #. for the Rumb required. 
But if the Rumb fall nearer to the equator; 


As AD che difference of longitudes, 
is to D C the proper difference of latitudes: 
So A D as Radius, 
to D C the tangent of the rumb from the equator, 


According to this I take the former difference of latitudes 
from 50 gr. to 55 gr. out of the line of Meridienz, and to it o- 
en the Setter in the termes of the difference of longirude 
reckoned in the line of lines from the center: ſo the parallell 
Radius taken and meaſured in the tavgene,doth giue 56 fr. 15 
m. for the rumb from the equator; which is the complement 
to the former 33 gr.45 N and ſo both wayes it is found to be 
the third rumb from the Meridian. 
But if this rumb were to be found in the common ſea- 
chart, it ſhould ſeeme to be aboue 47 gr. which is more then 
the fourth rumb from the meridian. 


5 By the Rumb and both latitudes to find the 
difference of longitude. 


As if the places giuen were A in the latitude of go gr. and 
C in the latitude of 45 gy. and the rumb the third from the 
meridian. 

In the chart, let a meridian be drawne through A, and a 
parallel! of latitude through C; then in A with 4 B make 
the angle of the rumb — the meridian B AC, (as was 
ſhewed Cap.2.Prop.1o.) So the degrees in the parallell be- 
tweene B and C, ſhall be found to be 5 gr., the difference of 
longitude which was required. Wherefore the proportion 
holds for the Setter. 


As A B the Radius, 
to B C the tangent ofthe rumb from the meridian: 
, So ABas 7 — difference of the latitudes, 
to B C the difference of longitude. 
According 
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According to this we may take the tangent of the Rumb 
which is here 3 3 fr. 45 m.from the meridian, out of the grea- 
ter tangent on the ſide of the Sefor, and putting it ouer be- 
tweene go and go, make it a Radius: then keeping the Seller 
at this am; le, take the proper difference of latitudes from 5o 

to FF gr.out of the line of Meridians, and lay it on both 
Fes of the Sector from the center: ſo the parallel taken from 
the termes of this difference,and meaſured in the line of lines, 
ſhall ſhew the difference of longirude to be x gr.. 
Or if the Rumb fall nearer the equator. 


AsDC the tangent of the Rumb from the equator, 
to A D che Radius: 

So D C as proper difference of the latitudes, 
to A che difference of longitude, 


According to this we may beſt work by parallell entrance, 
firſt taking gehe . ſor the angle of the Rumb from the 
equator, out of the greater tangeut, and make it a parallell Ra- 
dius: then take the proper difference of latitudes out of the 
line of meridians, and carrie it parallell to the former: fo we 
ſhall find it to croſſe the line of lines in 5 gr. i. And this is the 
difference of longitude required, the ſame as before. 

But if this — were to be found by the common 
ſea- chart, it ſhould ſeeme to be only 3 gr. ꝛc . which is more 
then 2 gr. leſſe then the truth. And yet this error would be 
greater, if either the latitude be greater, or the Rumb fall nea- 
rer the equator: as may appeare by comparing the common 
ſea - chart with the Tables following. 
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Theſe tables are calculated for each of the Rumbs. 

The firſt ſeuen haue three columnes, ard of them the firſt 
containeth the degrees of Latitude, from the Equinoctiall to 
the Pole: the ſecond doth give the difference of Longitude; 
and the third the diſtance, both of them belonging to that 
Rumb and latitude, 

As in the Table of the third Rumb; at the /atit#de of 50 
Gr. I find vnder the title of Longitude 38 Gr. C parti, and vn- 
der the title of Diſtance bo Gr.13 parts. This ſheu es that it the 
courſe held conſtantly on the third Rumb from the Equi- 
noctiall to the Latitude of go Gr. the difference of Longi- 
tude would be 38 Gr, 6g parts of a 100, and the diſtance vp- 
on the Rumbe 60 Cr. 13 For here I reckon the diſtance 
by degrees, rather then by leagues or miles, and ſubdiuide 
each degree into 200 parts, rather then into 60 minutes, for 
the more caſe in calculation, and withall to make the calcu- 
lation to agree the better, both with this, and my Creſſe. ſtaffe, 
and other inſtruments. 

The vſe of theſe Tables, for the finding of the difference 
of Longirude, is this. Turne to the table of the Rumb, and 
there ſee what longitude belongeth to either latitude, then i1 
take the one longitude out of the other, the remainder will 
be the difference of longitude required. 


_ ww” mn” 9”. 


As in the former example, where the places giuen were A, a 
in the latirude of 30 Gr. C in the latitude of 55 Gr. and the fr 
Rumb the third from the meridian : I looke into the table li 
of the third Rumb and there find, ar 

b 


Latitude 30 gr. Longitude 38 fr. 69 parts. 
Latitude 35. Longitude 44. 19. 


Therefore the diff, of Longitude 5 30 


There is another vſe of theſe tables, for the deſcribing of 
the Rumbs both on the Glebe,aud all ſorts of Cherrs. For ha- 
uing drawne the circles of longitude and latitude , and fin- 
' os by the tables, the difference of longitude belonging to 

2 each Rumb and latitude: If we make a prick in the — at 


cucry 
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euery degree of latitude, according to that difference of lon- 
gitude, and draw lines — thoſe prickes, ſo as they 


make no angles, the lines ſo drawne ſhall be the Rumbs re- 


uired. 

The vſe of the eight Rumb is ſomething different from 
the reſt. Forthere being here no change of latitude, I haue ſer 
to each latitude, the difference of longitude, belonging to 
one degree of diſtance, and the diſtance belonging to one 
degree of oo 

As if two places ſhall be 20 leagues, or one degree diſtant 
one from the other, in the latitude of 30 gr. the difference of 
longirude berweene them will be 1 gr.55 parts. But if they 
differ one degree in longirude, the diſtance berweene them 
will be onely 64 parts, which fall ſhort of 13 leagues,or ar the 
moſt 6428 parts, ſuch as 10000 do make a degree, 


6 By the difference of longitude, Ramb and one 
lartnde, to find the other latitude. 


As if the places ginen were A, in the latitude of go gr. C 
in a greater latitude but vnknowne, the difference of longi- 
rude x gr., and the Rumb the third from the Meridian. 

In the chart let A B,DC,meridians,be drawne through A 
and C, according to the difference ot longitude, one 5 gr.] 
from the other; anda parallel} of latitude through A, crot- 
ling che nieridian C D in D: then in A, with 4B, make an 
angle of the Rumb B A C:ſo the degrees in the meridian 
berweene D and C,ſhall be found to be 5; gr. che proper diffe- 
rence of latitude which was required. Wherefore the propor- 


tion holds for the Setter, 


As A D the Radius, 

to DC the tangent ofthe Runib from the equator : 
So A D as difference of longitude, 

to DC the proper difference of lacitude. 


According to this, I take 36 gr. 15. forthe angle of the 


Rumb from the equator, pur of the greater Tangent, vo 
make 
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make it a parallell Radius. Then I reckon 5 ęr. in the line of 
lia from the center, for the difference of longitude. So the 
parallell taken from the termes of this difference, and meaſu- 
r-d in the line of averidrans, ſhal reach from 50 gr. che latitude 
giuen, to 35 gr. which is the latitude required. 
Or if the Rumb fall nearer to the meridian. 
As BC the tangent of the Rumb from the meridian, 
isro A B the Radius: 
So BC asdifference of longitude, * * 
to A D the proper difference of latitude. 


According to this we may beſt work by parallel entrance; 
firſt take 33 gr.45 m. for the angle of the Rumb from the me- 
ridian, out of the greater Tangent, and make it a parallell Ra- 
dius; then take 5 gr. j for the difference of longitude out of 
the line of lines, and carrie it parallell to the former, till the 
feete of the compalles ſtay in like points ſo the line between 
the center and the place oſ this ſtay, being taken and meaſu- 
red in the line of meridians from 50 gr. forward, ſhall ſhe the 
latitude required to be 55 gr. as in the former way. 

The like may be found by the tables ot Rumbs. For in the 
table of the third Rumb, at the latitude of 30 gr. I finde the 
longirude of 38 gr.69 p;to this if I adde 5 gr. 30 p.for the diffe- 
rence of longirude giuen, the compound longitude will be 
44 fr. 19 p. and this anſwers to the latitude of 55 gr. 

But it this difference of latitude were to be ſound by the 
common ſea-chart,it ſhould ſeeme to be 8 gr. 13 Hand ſo the 
ſecond latitude ſhould be 58 gr. 13 w. which is abouc 3 gr. 
more then the truth. 


7 By one latitude,rumb and difl ance, to 
the difference of longitude. - 


As if the places giuen were eA in the latitude of 50 gr, 
C in a greater latitude but vnknowne, the diſtance ypon the 
Rumb being 6 gr.berweene them, and the Rumb the chird 
from the meridian. , 
n 
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In the chart, let a meridian A B, and a paralell A D be 
drawne through A uand in A, with A B, make an angle BAC 
for the Rumb from the meridian ʒ then open the compalles 
according to the latitude of the places to E E, the quantitie 
of 6 gr. in the meridian, transferring them into the Rumb 
from Aro C, and through C draw another meridian D C, 
croſſing the parallel drawne through A in D: ſo the 
intercepted in the parallell from A to D, ſhall ſhe the di 
rence of longitude required to be about 5 fr. Wherefore 
the proportion holds for the Sector. 
As Ac the Radius, @neridian: 
is to AD, equall to B C, the fine of the Rumb from the 
S0 ACas diſtance vpon the Rumb, 
to A D the difference of longitude. 


According to this I take the ine of 33 gr.45 wv. for the an- 
gle of the Rumb from the meridian, and make it a parallell 
Radius; then keeping the Sefor at this angle, I take 6 gr. for 
the diſtance out of the meridian line, — to the eſtima- 
ted latitudes of both places, and lay it on both ſides of the Se- 
Aer from the center: ſo the parallell taken from the termes of 
this diſtance, and meaſured in the lines of inet, ſhall ſhew the 
difference of longirude to be about 5.gv.2. 

In this, and ſome of the Prop.following , where there is 
but one latirude knowne, there may be ſometimes an error 
of a minute or two, in the eſtimation of the proper diſtance, 
yet it may be rectiſied at a ſecond operation. 

This propoſition may alſo be wrought by the Tables of 
Aumbs. For according to the example, in the Table of the 
third Rumb, at the latitude of 30 gr. I find the longitude of 
38 gr 69 p. and the diſtance of 60 gr. 13h. to chis I a. de 6 gr. 
for the diſtance giuenʒ ſo the compound diſtance will be 66 
$7.13 f, and this anſwers to the longirude of 44 gr.19 pz then 
if I rake the one longitude out of the other, the difference 
will be 5 gr.50 p. as before, 

But if this difference were to be found by the common 
ſeachart, it ſhould ſeeme to be my 3 gr. 20 . which is 


more 


. 
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more then 2 gr. leſſe then the truth. 


8 | By one latitude, xamb, and di 
to find the diſtance. 


As if the places giuen were A, in the latitude of 30 gr, C 
in a greater latitude but vaknowne, the difference of Eng 
rude bete ene them being 5 gr, and the Rumb the third 
from the meridian. 

In the chart let A B, D C, meridians be drawne through 
A and C, according to the difference of longitude, and a pa- 
rallell of latitude through A, croſſing the meridian DC in 
D; then in A, wich A B, make an angle of the Rumb BAC: 
ſo the diſtance on the Rumb from A to C taken and meaſu- 
red in the werideen, according to the eſtimated latitude of the 

laces, ſhall be found co be 6 gr. Wherefore the proportion 
holds for the Sector. 


As AD, equall to BC, the ſine of the Rumb from the meri- 
is to AC the Radius: (dian, 
So A D 2s difference of longitudes, 
to A C the proper diſtance vpon the Rumb. 


According to this, I take the laterall Radius, and make it a 
arallell ſine of 33 fr. 45 wv. which is here the angle of the 
umb from the meridian; then I reckon 3 gr. in the lines 

of lines from the center, for the difference of longitude: fo 
che parallell taken from the termes of this difference, and 
meaſured in the line of weridiens, according to the latirudes 
of the places, ſhall chere ſhew the diſtance required to be a- 
bout 6 gr. which are 120 leagues. 

Or it the Rumb fall nearer to the meridian, that the lateral 
Radius cannot be fitted ouer in his ſine, this Prop. muſt 
be wrought by parallell entrance, and fo alſo it giues the 
ſame diſtance as before. 

Or we may find this diſtance by the Table of Rambs. For 
in the table of the third Rumb, at the latitude of 50 gr. I find 
the longitude of 38 fr. 69 p. and the diſtance of 60 gr. 13 p. 

To 


of longitudes, 
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To this longirude here found, I adde 5 gr. 50 p.for the diffe · 
rence of longitude giuen: ſo the compound longirude will 
be 44 £7-19 P. and this anſwers to the diſtance of 66 gr. 15%. 
Then if I take the one diſtance out of the other, the remain- 
der will be 6 gr. oa p. for the diſtance 3 | 

But if this diſtance were to be meaſured on the common 
ſea-chart, it ſhould ſeeme to be almoſt 10 gr. or at the leaſt 
197 leagues, aboue 77 leagues more then the truth. 


9 By ene lasitude, diſlance, and difference of lon- 
gitudes, to find the Rumb. 


As if the places giuen were eA,in the latitude of 30 gr. C 
in a greater — e but ynknowne, the difference of longi- 
tude berweene them being 5 gr. 2, and the diſtance 6 gr. 
vpon the Rumb. 

In the chart let AB, DC, meridians, be drawne through 4 
and C, and a parallell of latitude through «F; then open the 
compalles according to the latitudes of the places, to E F the 
quantitie of 6 gr. in the meridian, and ſetting the one foote 
in A, the other foote ſhall croſſe the other meridian in C;zand 
if we draw the right line AC, the angle BAC ſhall ſhew che 
inclination of the Rumb to the meridian to be about 33 gr. 
45 0. Wherefore the proportion holds for the Sector. 

As Ac che proper diſtance vpon the Rumb, 
is to A D the difference of longitude: 

So AC as Kadius, 
to AD, equall to B C, the ſine of the Rumb from the 
meridian. 

According to this, I take the proper diſtance 6 gr. out of 
the line of meridians, and lay it on both ſides of the Sector 
from the center;then I take the difference of longirude $ gr. 
+ out of the line of lines, and to it open the Seftor in the terms 
of the former diſtance: ſo the parallell Radius taken from be- 
tweene go and go, and meaſured in the ſloes, doth giue about 
33 gr· v. for the Rumb required. 

ut if this Rumb were to be found by the common ſea- 
R 2 chart, 
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chart, it ſhould ſeeme to be aboue 66 gr. and ſo almoſt the 
ſixt Rumb from the meridian. 
10 Bythe longitude and latitude of two places 
—— F 


Let the Ser be ed in the lines of lines, vnto a right 
angle (as was ſnewed C. 2. Prey 7ʒ) then take out the 
proper difference of latitude, and lay it on the one line, and 
the difference of longitude, and lay it on the other line, ſo 
as they may both meete in the center, marking how far they 
extend. For the line taken from the termes of their exten- 
fion, and meaſured in the weridiaw, according to their lati- 
tudes, ſhall ſhew the diſtance required. 

So if the places giuen were A and C, A inthe latitude 
of go gr. C in the latitude of 35 gr. the proper difference of 
Iatitude ſhall be the line A 5, and let BC the difference of 
longitude be 5 gr., we ſhall find that AC the diſtance vpon 
the Rumb is about 6 gr. which make 120 leagues. 

For in the chart, let an occult meridian be drawne through 
A, anda parallell of latitude through C, croſſing the fornier 
meridian in , and a right line for the Rumb from 4 to C, 
fo haue we a rectangle triangle 435 C,whoſe baſe A C, taken 
and meaſured in the meridian from E below 50g: to , as 
much aboue 55 gr. doth containe the quantitie of 6 gr. 

In the fame maner the Setter being opened to a right an- 
gle, in the lines of lines: if we take the difference of latitude 
out of the line of averidia»s,in his proper place from go gr. to 
35 gr. and place it on one of the ſides from the center, to re- 
ſeu ble 4 8, then reckon the difference of longirude om the 
other perpendicular line from the center to 5 gr. & in ſtead of 
B C,we ſhall haue the hke rectangle triangle on the Secter, to 
that which we had before on the chart; and if we take our 
the baſe of ir, and meaſure it in the line of meridians from be- 
low 0 fr. to as much aboue 55 fr. we ſhall hade as before, 
that it containeth about 6 gr. or 126 leagues. 

Buf it chus diſtance were to be ured on the common 

- | ſca- 
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ſea· chart : ſhould ſeeme to be almoſt A ort 2 1 
which is 5g leagues mote then truth, n 


the latitude of i | and be diſtance 
. Fs Rumb, fo L. anus ae 


Let the Secter be opened in the lines of l to a right an- 
gle, then take out the proper differonce of latitudes, and lay 
it on one of the lines frorti the center, chen take the proper 
diſtance with a paire of compalles, and ſetting one foote in 
the termes of the difference, turne the other foote to the o- 
ther line of the Setter, and it ſhall there ſhe the difference 
ol longitude required. Sages e. 

So 1 the places giuen were A, in the latitude of 30 gr. C 
in the latirude of 55 fr. with 6 gr. of diſtance one froni ano- 
ther, we ſhall find their difference of longirude to be about 
5 27.5. 

For in the chart let a meridian A B be drawne for the one, 
and 5 C, A D, parallels of latitude for them both. Then open 
the compatles according to the laritud- of the places, to E F 
the quantitie of 6 gr.jn the averidian,and ſetting one foote in 
A, hauing latirude of 30 gr. turne the other to the parallell 
of 35 gr. and it ſhall there cut off the required difference of 
longitude B C s gr.4. 

Ia the ſame maner,the Seſter being opened to a right an- 
gle, in che lines of nes: if we take che difference of latitude 
out of the line of meridians in his pa place from 5p gr. 
vnto 35 gr. and place it on one of the lines from che center; 
chen take 6 gr. the diſtance'ypon the Rumb out of che fame 
line of meridsans, according to the latitudes of the places, and 
ſer the one foote in the tetme of the former difference, tur- 
ning the other foote to the other perpendicular line, we 
ſhall finde that it will crofle it about 5 gr. f from the center 
which is the difference of longitude required, 

But if chis difference of longitude were to be found by 
che common ſex-charr, it would ſeeme to be only 3 gr. 20 . 

which is more then 2 gr. io n. leſſe then the truth. 
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12 Zy ene latitwde, diſt «noe and difference of langitudes, 
to finds the difference of latitudes. 

"NF le eren „ WF 
Tet ch e g enedin in che ine of lues to a right an- 
gle, ande Aden e be reckoned 0 one 
of thaſe lines from the center; then take the proper diſtance 
with a paire of compaſſes, andſcrtipg the one foote in the 
terme of the former difference, turuc the other foote to the 
other line of the Seer, aud it ſnal thence cut off a line, equal 
to the proper difference of latitude required. 

So Ichs places giuen were A and C, A in the latitude of 
go gr. C in a greater latitude but vnknowne, the difference 
of longirude berweene them 5 fr., and the diſtance vpon 
che Rumb 6 gr. or 120 leagues, we ſhall find the difference of 
latitude to be x gr. 

For in the chart, let occult meridians be drawne through 
Amd C, anda parallel! of latirude through A; then open 
the compalles according to the eſtimated latitudes of the pla- 
ces to E the quantitic of 6 gr. in the meridian, and ſetting 
the one foote in A, turne the other to the meridian drawne 
through C, and it ſhall there cut off the line D C, which is 
the difference of latitude required. 

In the ſame maner,the Secter being opened to a right an- 
gle, in the lines of lines, if in the one line we reckon the diffe- 
rence of longitude from rhe center to gr. N, then taking 6 

for the diſtance out of the line of Meridiens,according to 
the latitude of the places, we ſet the one foote in the terme of 
the giuen difference, and turne the other foote to the other 

pendicular line, we ſhall finde chat it cuts a line from it, 
which taken and meaſured in the line of meridians, from 50 
on forward, doth ſhew the difference of latitude to be as 


ore 5 gr. | 
But Achs difference of latirude were to be found by the 
common ſea. chart, it would ſoeme to beonly agr. T5 m.which 


is fr. 35 . leſſe then the truth. Such is the difference be- 


rweene both theſe charts, _ a | 
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THE THIRD BOOK 
Containing the vſe of the particular 
Lines, 

T H E lines of lines, of ſuperficies of ſol:d;, of finer, with 


the laterall lines of tangents and meridians, whereof I 

haue hitherunro ſpoken, are thoſe which I princi- 
pally intended: that little roome on the Seftor which remai- 
neth, may be filled vp with ſuch particular lines as each one 
ſhall think conuenient for his purpoſe. I haue made choiſe of 
ſuch as I thought might be beſt prickt on without hindring 
the ſight of tlie former, viz. lines of Quadrature, of Segments, 
of Inſcribed bodies, of Equated bodies, and of Mettali. 


CHAP. 1. 
Of the lines of Quadrature. 


He lines of quadratwre may be knowne by the lereer Be | 
and by their place berweene the lines of ſmes; 2 ſiguifi- * 
eth the ſide of a ſquare; 5 the (ide of a pentegon with hue e- 
quall ſides, & of an hexagon with fix equall ſides, and fo z,8, 
9, and 10. S ſtands for the Semidiameter of a cirde, and 99 
for a line equall to 90 gr. in che citcumferenet. Tbe WE of 
1 20 9 45715 


1 mes ſquare equal? to a cirtle ginen. 
2 To malt a circit equalt to 4 ſquare giutu. 

If the circle be firſt giuen, take hi ſemiaiametet and tõ ir 
eperi the Sector in the points at & ſo the parallell uken from 
betweene the points at E, ſhall be the lide of the quare re- 
* quired. , | L 


cee 


—— — 
= 


4474 


C 
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If the ſquare be giuen take bis ſide, and to it open the Se- 
fer, in the points at Q: ſo the parallell taken from betweene 
— points at S, ſhall be the Semidiameter of the circle requi- 


Let the Semidiameter of the circle giuen be A B, che ide 
of the ſquare equall ynto it ſhall be found to be C D. 


3 To reduce a circle gin*n,or a ſquare into an equal pen. 
fagon,or other 2 ſided — ure. 


Take che ſide of the figure giuen, and fit it over in his due 


points: ſo the parallels taken from berweene the points of 


che 


Of the lines of Quagracare, - Ui 
che other figures, ſhall be the ſides of thoſe figures: which 
8 vp ith equall angles, ſnall· ba all equall one to 
the other. 10 * , N F 

Let the Semidiamcter of the-cirgle. giuen be An, the ſide of 
an bexagon equal to this circle, ſnall by theſe meanes be found 
to be GH;and the ſides of an octagon to be IK. Other planes 
not here ſet donc, may finſt be — — 
{xe Pr Saen. and chen into a arcle, or other ot theſe ©, 
quall figures as bei | | 


ove, 


Tofindavigheling lia, equell to the circumference. 
Sd af 4.circle, or other part thereof. 7 


Take the Semidiamerer of the circle giuen, and to ir open 
the Seftor in the points at S; ſo the parallel! taken from be- 
tweene the points at go in this line, ſhall be the fourth part of 
the circumference: which being knowne, the other 
may be found out by the ſecond and third Prop. of lines, 

Thus if the Semidiameter of the circle giuen be 4 B, the 
right line E F ſhall be found to be the fourth part of the cir- 
cumference. Therefore the double of E F ſhall be equall to 
the circumference of 180 grz and the halfe of E F ſhal be the 
circumterence of 45 gr. and ſo in the reſt. 


CHAP. II. 


Of the lines of Segments. 


p + lines of ſegments which are here placed between the 
lines of ſues and ſuperficies, and are numbred by 5, 6, 7, 
8,9 10, do repreſent the diameter of a circle, ſo diuided into 
a hundred parts, as that a right line drawne through theſe 
parts, perpendicular to the diameter, ſhall cut the circle into 
two ſegments, of which the greater ſegment ſhall haue that 
4 to the whole circle, as the parts cut haue to 100. 
he vſe of them may be - - 
| 7 380 


736 of the luer of Segments. = 
1 To divide 4 circle given inte two ſegments, - - 
according to a proportion gruen. 


2 To finde a proportion betweene 4 circle 
and his 2 Lines. 


Let the Soller be opened in the points of an 100, to the 
diameter of the circle giuen : fo a —— from the 
points proportional to the greater — required, ſhall 
giue the depth of that . 

Or if the — be Ecko i Seffor — as be- 


fore; then t Zeche d : grearer ſogment,and carry it 


. Of the liver of Iuſcribed bodies. 171 
parallell eo the diameter: ſo the number of points wherein 
they ſtay, ſhall ſhe w the proportion to 100. 
As if the diameter of the circle giuen were B L, the depth 
of che great ſegmeat £ O being 75, doth ſhew the propor- 
tion of the ſegment O ML N to che circle to be as:75 to 
oo. viz. three parts of foure. 


Hence I might ſhew, if there were any vſe of it, 
«+ 


. To find the ſid: ea ſqudtegquall to any | 


. "Enowne ſegment of a circle, 


The fide of a ſquare equall to the whole circle, may be 
found by the former Cap. and then having the proportion of 
the ſegment to the circle, we may dimmiſh the ſquare in 
ſuch proportion, by that which hach been ſhewed Lib. 1. 
Cap.3.Prop.z. | 


CHAP. III. 
Of the lines of Inſcribed bodies. 


12 lines of inſcribed bodies are here placed berweene the 
lines of lines, and may be knowne by the letters, D. S, I, 
C, 0, Ti of which D ſignifieth the (ide of a dodecabedron, I 
of an [roſahedron; C of a cube, O of an oftabedron, and T of a 
tetrabedron, all inſcribed into the ſame ſphere, whoſe ſemi- 
diameter is here ſignified by the letter 5. | 

The vſe of theſe lines may be, 


1 The ſemidiameter of a ſphere being giuen to find 
the /:des of the fine — oder which 
may be inſcribed in the ſaid ſphere. 
2 The ſide of any of the fine regular bodies being ginen, 
to find the ſemi diameter of a ſpheretha; will 
'  circumſcribe the ſaid bodie, 


If che ſphere be firſt giuen, take his ſemidiameter, and to it 
b e „ 1-99 
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1 of ber, 
open the Seftry in the points at g: if any of the other bodies 
be firſt giuen, take the ſide of it, and fit it ouer in his due 
points: ſo the parallel taken from berweene the points of 
the other bodies, ſhall be the fides of choſe bodies, and may 


de inſeribed into the ſame ſphete. 
2 b A 1 Cc 
2 — F. 8 T 
So if the ſemidiameter of che ſphere be A c, che ide of the 
inſcribed ſhall be DE. 
CHAP. III. 
Of the lines of Equated bodies. 


T He lines of equated bodies are here placed betweene the 
lines of lines and ſolids, noted with theſe letters, D, I, C, 
S, O, T, of which D ſtands for the fide of a dedecabedron, I for 
the ſide of an Ireſabellron, C for the (ide of a cube, S for the di- 
ameter of a ſpbere, O for che fide of an oftabedron,and T for the 


ſide of a tetrabedron, all equall one to the other , The vſe of 


theſe lines may be 


1 The diameter of a being ginen,t 
Ef ibe ſſue bodies, equall cot 
2 The ſide of any of the fine regular bodies being given, 
to find the diameter of a ſphere,and the ſides of the 

other bodies, equall to the fir ſt body giuen. 


If che ſphere be firſt giuen, take his diameter, and to it o- 
pen the Sector in the points at S: if any of the other bodies 
——— take the ſide of it, and Gr it ouer in his due 
points: ſothe _ taken from between the points of the 
—— be the ſides of thoſe bodies eqũall to the 

men. 

Thus in the laſt di if the diameter of a ſphere giuen 
de BC, the ide of —— to this ſphere, 
would be found to be FG, 


o find the ſider 
hat X 


a ©@a aa DX 
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- CHAP. V. 
Of ttbe Lanes of Mettalls. 
— __ with chat bt 


©. A h. d. N. d. A. of which © ſtands for gold: d for quiekfituer, 
H for leade, Þ for ſiluer, & for copper, & for iron, and i for tin. 


% 
* wh # - 


—— _ — 
uerall mettalls, in their magnitude and weig ht i 
the experimecs — Gbroakian im: | — bor 
Promot ne Arclhymedes, 
I In like bodies of ſeverall mettall; and equal 
weig ht, hauing the magnitude of the one, 


to funde the magnitude of ubs reſt. 

Take the magnitude giuen out of the lines of Solids, and 
to it open the Sodter in the points — to the mettall 
giuen: ſo the parallells taken from between the points of the 
other merralls, and meaſured in the lines of Sai, ſhall giue 
the magnitude of their bodies. | 

Thus hauing cubes or ſpheres of equall weight, but ſe- 
uerall mettalls, we ſhall finde that if choſe of tin containe 
10000 D, the others of iron wil contain 9250,thoſe of cop 
8222, thoſe of ſiluer 7. , thoſe of lead 6435, thoſe full of 
quickſiluer 545 3, and choſe of gold 3 895. 


2 Inlike bodies of ſcueral mettall. and equalt | 
magnitude, having the weight of one to . 
Hude vhe weight of he rat. 

This ion is the conuerſe of the former, the pro- 
Wm vv direct, but reciprocall,'.wherefore — 
2 e bodies, take the giuen — ofthe one out bf the lines 
of Selidi, and to it open the rr 

3 c 


% 
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the mettall of the other body : ſo the parallell taken from the 

ints belonging to the giuen, and meaſured in the 
— of Solidi, giueg A5 of the body required. 

As if a cube ol oi A8 Lan i were required to 
know the weight of a cube of lead hauing equal magnitude. 
Firſt I cake 38 f. for the weight of the golden cube, out of 
the lines of Sidi, & put it ouer in che points of H helong ing 
to lead: fo the patalſell taken from berweene the points of © 
ſtanding for gold, and meaſured inthe lines of Salli, doch 
giue the weight of the leader cube required to be 23k 

Thus it aſphere of gold ſhall weigh 10000, we ſhall finde 
chat a ſphere of the diameter full of quickſiluer ſhall 
weigh 7143, a ſphere of lead 6053, aſphere of ſilue: $436, 
a ſphere of copper 4737, a ſphere ot iron 4210, and a ſphere 
ot tin 3895. *r 


3 Albodie being giuen of one mettal to make another 
like ontoit, of awocher metal, andequall weight. 


Take out one of the ſides of the bodie giuen, and put it 
ouer in the points belong ing to his mettall: ſo the parallel 
taken from between the points belong ing to the other met- 
tall, ſhall giue the like (ide, for the bodie required. If it be 
an irregular bodie, let the other like ſides be found out in 
the ſame manner. 


A 


— 
B * ”— — — — 4 


— — 0 


Let the bodie giuen be à ſphere of lead containing in 
nitude 16 P,whoſe diameter is A, to which I am ro make 

a ſphere of iron, of cquall waighr: If I take out the diameter 
A, and put it ouer in the points of H belonging to lead, the 
I taken from betweene the points of 4 ſtanding for 

ſhall be B, the diameter of the iron ſphere required. 
And this compared with the other diameter, in the knerof 
| | Sottds, 
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gre be found to be, 23 din magnitude. 


2 o make another 
"oy of anot — — 


It. 
Tae. weight ginen, 


find the ſides of a Ii bodie [3 equall weight, chen 
Her qu] ent or diminiſſi them according to the 
e e which we Nicwed before - the ſe- 
cond ny 


As if the 95 A were a ſphere of lead, whoſe _ 
ter is A, and it were required to find the diameter of af) 
of ion, Which mall weigh three times as much as the — 
of lead: I take A, arid gut ſt ouer in the ints of h, his pa- 
rallell taken from between the points of g, ſhall giue me B 
for the diameter of an equall ſphere of iron: if this be au 
mented in ſuch proportion as 2 vato 3, it giucrh C for che 
diameter required, 


CHAP: 


* 


. — into e . 2 ebe! 
ding to their diſtance from che en 
the Seffor. Ab in the Sector of ee, 
; incheslon ong, we here wwe God t and 13, it 
 ſhewerh t iuifjon to be x inch from 
the ncarer end, and 13 inches from the 
farther end of the Sector. 
* The other halfe concaineth a line of 
| leſſer tas gert, ro which the gnomon is 
Radius. I hey are here continued to 7y gr. 
And if there be need to produce them 
| — take 45 out of the number of de- 
— — uired, and — the remain - 
and ſecat of chis dou- 
ble — cing added, ſnall make vp 
the tangent of the degrees required. 
| Asif A being the Radius, and BC 
8 the tangent line, it were required to find 
the tangent of 75 gr. If we take 45 fr. 
out of 75 gr. the remainer is 30 gr. and 
the double 60 gr. whoſe tangent is B D, 
and the ſecant is A D: if then we adde 
A Dro BD, it maketh B C the tangent 
of 75 gr. which was required. In like fort 
the — ed to the tangent 


1 of6t er. giueth che tangent of 75 gy. 30m, 


and the ſecant — added to the tan- 


. gent oi 63g7, — r 
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and ſo in the reſt. The vſe of this line may be 


To obſerue the altitude of the Sunne. 


Hold the Sector ſo as the 5 BC may be verticall, and 
the gnomon B A parallell to the horizon; then turne the 


— toward the Sunne, ſo that it may caſt a ſhadow vpon 
t 


e tangent, and the end of the ſhadow ſhal ſhew the altitude 
of the Sunne. So if the end of the gnomon at A, do giue a 
ſhadow vnto I, it ſheweth that the altitude is 38 , vnto 
D, then 60 gr. and ſo in the reſt. 

There is another vſe of this tangem line, for the drawing 


ofthe houre lines ypon any ordinary plane, whereof I will ' 


ſer downe theſe propoſitions, 


1 Todrowthe houre lints vpon an horizontal plane. 
2 To dram the houre lines upon 4 direct verticall plane, 


Firſt draw a right line AC for the horizon and the equa- 
tor, and croſſe it at the point A about the middle of the line 
with A B another right line, which may ſerue for the meri- 
dian and the houre of x2; then take out 15 gr. out of the tan- 
— pricke them downe in the equator on both ſides 
rom 12: ſo the one point ſhall ſerue for the houre of 11, and 
the other forthe houre of 1. Againe, take out the tangent of 
30gr. and pricke it downe in the equator on both ſides from 
12: ſo the one of theſe points ſhall ſerue for the houre of 10, 
and the other forthe houre of 2. In like maner may you 
prick downe the tangent of 45 gr. for the houres of g and 3, 
and the tangent of o gr. for the houres of 8 and 4, and the 
tangent of 75 gr. for the houres of 7 andy. 

r if any pleaſe to ſet downe the parts of an houre, he may 
allow 7 gr.30 *. for euery halfe houre,and 3 gr. 45 w.for cuc- 
ry quarter. This done, you are to conſider the latitude of the 
place, and the qualitie of the plane: For the ſecant of the lati- 
rude ſhal be the ſemidiamerer in a vertical plane, & the ſeram 
of the complement of che latitu m plane. 

For 


TTS 


The uſe of the leſſer Tangent. 139 


For example, about London the latitude is 51 gy. 30 ww; 
and let the plane be verticall. If you take 4 the — of 
31 fr. 30 w. out of the Seller, and pricke it downe in the me- 

ridlan line from A vnto V, the point Y ſhall be the center 1 
and if you draw right lines from Y vnto 11, and 10, and the 
— of the houre points, they ſhall be the houre lines requi - 
re 


- Bar if the plane be horizontall, then you are to take oue 


"A che ſecant of 38gr. 30 w. for the ſemidiameter,andprick 
i 


it downe in the meridian line from 4 vnto H: ſo the right 


lines drawne from the center H vnto the houre points, ſhall ' 


be the houre lines required; only the houre of 6 is wanting, 

and that muſt alwayes be — parallell to the equator, 

through the center V in a verticall, through the center Hin 
an horiontall plane. 


3 To draw the hour lines on a polar plane. 
4 To draw the hoare lines on 4 meridian plane. 


In a polar — the equator may be alſo the ſame with the 

horizontall line, and the houre points may be pricked on as 
before, but the houre lines muſt be drawne parallell to the 
meridian. 

In a meridian plane, the equator will cut the horizontall 
line with an angle equall to the complement of the latitude 
of the place; then may you make choiſe of the point A, and 

there croſſe the equator with a right line, which may ſerue 
ſor the houre of 6: ſo the tangent of ty gr. being pricked 
' downe in the equator on both ſides from 6, ſhal ſerue for the 
houres of ſiue 5 and 7;andthe tangent of 3o gr.for the houres 
of 8 and 4;zandthe tangent of 45 gr.for the houres of 3 and 93 
and the tangent of 6o gr.for the houres of 2 and 10; and the 
tangent of 75 gr.for the houres of r and 11. And if you draw 
right lines through theſe houre points, croſſing the equa- 
ror at right angles, they ſhall be the hourevliges requi- 


red, 


1 s To 


777071 
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5 To dra the loure lines is 4 verticall declining place. ma 

] ple 

Firſt, draw AF the meridian,and A E the horizontal line, dif 
crotiing one the other at right angles in the point A. anc 


2 Then 
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2 — take out 4 V, the ſecant of the laticude of the 

lace, which you may ſuppoſe to be 5 t gr. 30 . and prick it 
— in the meridian line from A — V. 5 

3 Becauſe it is adeclining plane, and you may ſuppoſe it 

to decline 40 gr. Eaſtward, you are to make an angle of the 
declination vpon the center A, below the horizontall line, 
and to the left hand of the meridian line, becauſe the decli- 
nation is Eaſtward, for otherwiſe it ſhould haue bin to the 
right hand, if the declination had bin Weſtward. 
4 Take AH, the ſecant of the complement of the latitude 
our ofthe Seſter, & pricke it downe in the line of declination 
from A vnto N, as you did before for the ſemidiameter in the 
horizontall plane. 

5 Drawa line at full length through the point A, which 
mult be perpendicular vato A H, and cut the horizontall 
line according to the angles of declination, and it will be as 
the equator in the horiaontall plane. 

6 Take the houre points out of the Tangent line in the 
Sector, and pricke them downe in this equator on both ſides 
from the houre of 12 at 4. 

7 Lay your ruler, & draw right lines through the center H, 
& — of theſe houre points: ſo haue you all the houre lines 
of an horizonrall plane, onely the houre of 6 is wanting, and 
that may be drawne through H perpendicular to H A. 

Laſtly you are to obſerue and marke the interſections, 
which theſe houre lines do make with A E the horizontall 
line ofthe plane: and then if you draw right lines through 
the center V, and each of theſe interſections, they ſhal be the 


houre lines required, 


6 Topricke downe the houre points another way. 


Hauing drawne a right line for the equator as before, and 
made choice of the point A, for the houre of 12: you may at 
pleaſure cut of two equal lines 410,and A 2. Then vpon the 
diſtance berweene 10 and 2, make an equilateral triangle, 
and you ſhall haue I for che center of your equator, and the 


; - line 


- 


A 


„ ww - ow 2 & & —— os - 


; 


— 
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line AB ſhall giue the diſtance from «Atog, and from A to 
3. That done rake out the diſtance berweene 9g and 3, and 
this ſhall giut the diſtancefrom B vnto 8, and from 8 vnto y, 
and from 8 vnto t: and againe from B vnto 4, and from 4 
vntog, and from vnto 11. So haue you the houre points, 
and you take out the diſtance B 1, B 3, B 5. &c. You may 
fads che points wot, onely for the halfe hou: , bur allo for 
the quarters. + | 

But if it ſo fall out, that ſome of theſe houre »oines fall out 
of your plane, you may helpe your ſelfe by the larger tangent, 
both in the verticall, and horizontall planes. 
For if at the houre points of 3 and , you draw occult lines 

rallell to the meridian; the diſtances D C, betweene the 
oure line of 6, and the houre points of 3 and ꝙ, will be equal 
to the ſemidiameter A V in a verticall, and AH in a horizon- 
tall plane, and if they be diuided in ſuch fort as the line A C 
is diuided, you ſhall haue the points of 4, and 5, and 7, and 8, 
with their hafes and quarters. 

As in the horizontall plane, take out the ſemidiameter 
AH, and make it a rale Radius by fitting it ouer in the 
fines of go and go: Then take 15 gr. out of the larger tangent, 
and lay them on the lines of fes, where they will reach from 
the center vnto the fines of x5 gr. 32 . therefore take out 
the parallell ſine of 15 gr. 33 wv. and it ſhall giue the diſtance 
from 6 vnto 5, and from 6 ynto 7, in your horizontall plane. 
That done take out Fe out of the larger tangent, and lay 
them on the fines, from the center vnto the fines of 35 gr, 
16 m. and the parallell ſine of 35 g. 16 m. ſhall giue you the 
diſtance from 6 vnto 4zandfrom 6 vnto 8, in your horizontall 
plane. The like may be done for the halfe houres and quar- 
ters. = 

So alſo in the verticall declining plane. If you firſt take out 
_—_— of the declination of the plane, and prick it downe 
in the horizoneall line from A vnto E, and through E draw 
right lines ell to the meridian, which will cut the ſor- 


mer houre lines of 3 aud , or one of them in the point C: 
then take out the — V, and prick — in 
| thoſe 


_ = mw wuo© wm _ a> co. it i.coo.u 
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thoſe ells from C vnto D, and draw right lines from A 
vnto C, and from V yato D ;the line VD ſhall be the houre 
of 6, and if you divide theſe lines A C and D C, in ſuch ſort 
as you diuided the like line D C in the horizoncall plane, 
you ſhall haue all the houre points required. 

Or you may find the point D, in the houre of 6, without 
knowledge either of H or C. For hauing prickt downe A Y 
in the meridian line, and FE in the horizonrall line, and 
drawne parallels tothe meridian through the points at E, 
you may take the tangent of the latitude out of the Seer, and 
fic it ouer in the (ines of go and go: ſo the parallell fine of 
the declination meaſured in the ſame tangent line, ſhall there 
ſhew the complement of the angle DVA, which the houre 
line of 6 maketh with the — wn then hauing the point 
D, take out the ſemidiameter VA, and pricke it downe in 
thoſe parallels from D vnto C: ſo ſhall you haue the lines 
D C and AC to be diuided as before. 

The like might be vſed for the houre lines vpon all other 

lanes, But I muſt not write all that may be done by the Se- 
er. It may ſuffice that I haue wrote ſomething of the vſe of 


each line, and thereby giuen the ingenuous Reader occaſion 
to thinke of more. 


The concluſion to the Reader. 

Ti well hnowne to many of en, that this Seitor was thus con- 
timed, the moſt part of this books written in latin, many copies 
van eribed aud dyperſed more then ſixteene yeares ſince, I am at 
the laſt contented to gine way that it come forth is Engliſh, Not 
that I thinke it worthy either of my labour or the publique view, bus 
partly to ſatisfy their importunity, who not underſtanding the La- 
tin, yet were at the charge to buy the inſtrument, and partly for my 
ene eaſe. For 4s it is painefull for others to tranſcribe my copie, 
ſo it is troubleſome for me to gine ſatisfaltion berein to all that de- 
fre it. If 1 fads this to ius you content, it ſhall inconrage me to d 
the like fer my Croile-ſtaffe, and ſome other In 7. Inthbe 
Wear tun. with the Printer: faulti, and ſo 1 reſt. 

Greſham Coll. . Maij. 1623. 
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THE 


FIRST BOOKE OF THE 
CROSSE-STAFFE 


CHAP. I. 
Of the deſcription of the Staffe. 


. T He Crofſe-Staffe is an inſtrument wel knowne 
cc our Sea-men, and much vſed by the anci- 
[i 3 ent Aſtronomers and others, ſeruing Aſtro- 
To | N nomically for obſeruation of altitude and an- 
1 W gles of diſtance in the heauens, Geometri- 

. cally for perpendicular heighrs and diſtan- 
ces on land and ſea. 

The deſcription and ſeuerall vſes of it are extant in print, 
by Gemma Frifi in Latin, in Engliſh by Dr. Hood, I differ 
ſomerhing from them both, in the proiection of this Sraffe, 
bur apy. 1s rules may be applied vnto it, and all cheir pro- 
poſitions be wrought by it: and therefore referring the Rea- 
der to their bookes, I ſhal be briefe in the explanation af chat 
which may be applied from theirs vnto mine, and ſo come 
to the vſe of thoſe lines which are of my addition, not exranr 
hererofore. : SA 

The neceſſary parts of this Inſtrument are fiue: the Staſt, 
the Croſſe, and the three fights. The _—_— I made. 
my owne vſe is a in lengeh, chat or may ſerue for 


meaſure. _ 
i a The 


2 The deſcription of the lines. 
The Crolle belonging to it is 26 inches; betweene the 
tb ourward fights: It any would haue it in a greater forme, 


. e the Staffe and the Croſſe, may be 
r 6 vnto 262. 3 12 
The lines inſcribed on the Staffe are of foure ſorts. One of 


them ſerues for meaſure and protraction: one for obſerua- 
tion of angles: one for the Sea · chartʒ and the foure other for 
working of proportions in ſèuerall kinds. 
The line of meaſure is an inch line, and may he knowne by 
his equall party The whole yard — rm equally into 
zs inches, and each inch ſubdiuided,firſt into ten parts, and 
then each tenth part into halfes. 

The line for obſeruation of angles may be knowne by the 
double numbers ſet on both ſidesof the line, beginning at 
the one (ide at 20, and ending at go: on the other ſide at 30, 
and ending at 180: and this being diuided according to the 
degrees of a quadrant, I call it the tangent line on the Staffe. 
The next line is the meridian of a Sea · chart, according to 
Mercator: proiection from the Equinoctiall to 0 2 
tude, and may be knowne by the letter Ai, ind the numbers 
1.2. 3. 4. vnto 38. 

The lines for working of proportions, may be knowne b 
their vnequall diuiſions, and the numbers at the end of ea h 
line, | | "LE SRL 
The line of »#mbers noted with the letter N, diuided vn- 
equally into 2000 parts, and numbred with 1.2.3.4. vnto 10. 

2 The line of artificialtengents is noted with the letter T, 
dmiced vnequally into 45 degrees, and numbred both ways, 
ſor te Tangent and the complement. 

The line of artificial fines, noted with the letter S, di- 
uided vnequally into go degrees, and numbred with 1.2.3.4. 
vnto 90, T1168 1 

1 The line of verſed fines for more eaſie finding the houre 
and azimuth ,nored with V, diuided vacqually into about 
I . 50 v. numbred backward with 10. 20.30. vnto 164. 

Thus chere are ſcuen lines inſcribed: on the Staffe: there 
are fiue lines more inſcribed on the Crolle, int 


1A 
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1 A Tangent line of 36 fr. 3 w. numbred by 5. to. ty. 
vnto 35: the midſt whereof is ar 20 grz and therefore I call it 
the rangent of a0; and this hach reſpect vnto 20 gr. in the Tau · 
gent on che Staffe, Ma + ile cr DT 
2 A Tangent line of 49gr.6w.numbred by g.10.15.va- 
to 45; the midſt whereof is at 3 o gr. and hath reſpect vnto 
30 gr. in the Tangent on the Staife, whereupon I call it the 
tangent of 30, 1 . "_— 
Aline of indes numbred with 1. 2 3. vatq ad each inch 
8 into ten parts, nſwerable to the inch line 
| * INI 


3 
equal | 
ypon the Staffe, 


4 Ane of ſeuerall cbords, one anſwerableto a circle of, 


* 


twelue inches ſemjdiamerer, numbred with 10. 20. 30. vnt 
60: another to a f&thidiamerer of a circle of ſix inches; an 
the third to a ſemidiamerer of a circle of three inches; both 


numbred with 10. 20. 30. vnto go. 0 


5 A continuation of the meridian line from 57 fr. of la- 


titude vnto 76 gr; and from 96 


San 7 
For the mſcription of theſe fre a firſt for meaſure is | 


equally diuided into inches and tenth parrs of inches. 

The tangent on the Staffe for obſeruation of angles,with 
tho tangent of 20 and the tangent of 30 on the Croſſe, may 
all three be inſcribed aut of the ordinary table of tangents.The 


Staffe being 36 inches in length; the Radius for the tangent 


on the Staffe will be 13 inches and 103 parts of 1000: ſo the 
whole line will be a tangent of 70 gr. and muſt be numbred 
by their complements, & che double of their complements, 
the tangent of 10 gr. being numbred with 8 and 160. 

The Radius forthe tangent of 20 on the Crolle , will b 
36 inches, and the whole — berweene the ſights a tangen 


of 36 gr. 3 m. according as it is numbred. The Radiusfor che 
tangent e 30 gr. on the Crolle, will. be aa inches. and. 6e 
parts of 1000: fo the hoe line berweene the ſights wil con- 
cine © N of mfſucfgrys dxxec Hum. 
wc © ky | | 
The meridian line may be Anfckiben out of the Table 
hic ſexdowne cpr aus al the eee 
12 


— 
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The line of numbers may be inſcribed our of the firſt Chi- 
had of MF, Logarithmes: & the reſt of the lines of pro- 
portion out of my Canon of 47tficiall fines and tangents, and in 
recompence thereof this booke will ſerue as a comment to 
explane the vſe of my Canon. 
CHAP. II 


The roſe of the lines of inches for perpen- 
cular heights and diſtances. 


N taking of heights and diſtances, the Staffe may be held 

in ſuch ſorr, that ir may be euen with the diſtance , and 
the Croſſe parallel! with the height: and then if che eye at 
the beginning of the Staffe ſhall ſee his marks by the inward 
ſides of the two firſt ſights, there will be ſuch proportion be- 
tweene the diſtance and the height, as is berweene the parti 
intercepted on the Staffs and the Croſſe. Which may be far- 
ther explaned in theſe propoſitions, 


— IC. Kee 
1 nnr one flation, by knowing 


| Ser the middle Gghe vnte the diſtance vpon the Sealſe,” 
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for beights and diſtances. 5 
the height will be found ypon the Croſſe. For 
As the ſegment of the Saffe 
vntothe ſegment on che Craſſe: 
So is the diſtance giuen, 
vnto the heighe, 

As if the diftance 4 E being knowne to be 246 feere , it 
were required to find the height Þ Ci firſt I place the mid le 
ſight at 25 incbes and 6 parts of 103 then holding the Staffe 
leuell with the diſtance, I raiſe the Croſſe, parallell vnto the 
height, in ſuch ſort, as that my eye may ſee from eA the be- 
ginning of the inches on the Staffe by the ſight E, at the be» 

inning of the inches on the Croſſe vnto the mark C:which 

cing done, if I find 19 inches and 2 parts of 10 intercepted 
on the Crolle berweenethe ſights at E and D, I would fay 
the height B C were 192 feete. 

Or if the obſeruation were to be made before the diſtance 
were meaſured, I would ſet the middle ſig ht either vnto 10 
inches, or 12, or 16, or 20, or 34, or ſome tuch other number 
as might beſt be diuided into ſeuerall parts, and then worke 
by proportion. As if in the former example the middle ſight 
were at 24 on the Staffe, and 18 on the Croſſe, it ſhould ſeem 
that the * is ; of the diſtance;and therefore the diſtance 
being 256, the height ſhould be 192. 


2 To finde an bright, by knowing ſame part © 
of — 4 


As if the —— from G to C were knowne to be 48, and 
it were required to find the whole height 8 C: either put the 
third ſight or ſome other running fahe vpon the Croile 
berweene the eye and the marke G. For then 


As the difference berweene the fights, 
vnto the whole ſegment of the Croſſe: 
So is che part of the height given, 
vnto the whole height. 
* If chen the difference betweene the fights E and P, ſhall 
a 3 be 
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6 The uſe of the lines of inches 
be 45, and the ſegment of the Croſſe E D 180, the whole 
height B C will be found to be 192, 


, height ons, by k the 
gy — — 


As the difference of ſegments on the Staffe, 
vnto the difference of ſtations: 

So is the ſegment of the Croſſe, 
vnto the height. 

Suppoſe the firſt ſtation being at H, the ſegment of the 
C alle E D were 180, and the ſegment of the Staffe Hr D 
300 : then coming 64 feere nearer vnto 3, in a direct line,vn- 
to a ſecond ſtation at A, and making another obſeruation; 
ſuppoſe the ſegment of the Croſſe E D were 180 as before, 
and the ſegment of the Staffe A D240; take 240 our of 309, 
the difference of ſegments will be so parts. And 

As 60 vnto 64 the difference of ſtations: 
So D E 180 vnto BC 1932 the _ required. 
In theſe three Prop. there is a regard to be had of the 
height of the eye. For the height meaſured,is no more then 
from the leuell of the eye vpward. 


4 To find 4 diſtance, by knowing the height. 


As the ſegment of the Croſſe, 
vnto the ſegment of the Staffe: 
So is the height giuen, 
vnto the diſtance. 
So the ſegment E D being 18, and DA 24, the height 
C152, will ſhew the diſtance A to be 216. 


Hor "a 


As the difference berweene the ſights, 
vnto the ſegment of the Staffe: 


So 


for heights and diſtances, 
So is the part of the height giuen, 


vnto the diſtance, 
: And chus the _—_— betweene E and F being 45, and 
the ſegment D A 249; the part of the height GC 48, will 
giue = diſtance A B to be 256, a ag 


6 To finde a diſlance at two flations, by know 
the difference of the ſame tations, 2 


As the difference of ſegments on the Staffe, 
vnto the difference of ſtations: 

So is the whole ſegment, 
vnto the diſtance, 

And thus the ſegment of the Croſſe being 180, the ſeg- 
ment of the Staffe at the firſt Ration 240, at = lecond 300, 
the difference of the ſegments 60,& the difference of ſtations 
64, the diſtance A B at the firſt ſtation will be found to be 
256, and the diſtance H B at the ſecond ſtation 3 20. 


7 To ſud a bredth by knowing the diſtance per- 
pendicular to the bredth. 


This is all one with the firſt Prop. For this bredch is but 
an height turned ſidewayes: and therefore 
As the ſegment of the Staffe, 
vnto — ſegment of the Croſſe: 
So is the diſtance 
vnto the bredth. b 
And thus the ſegment of the Staffe being 24, and the ſeg- 
ment of the Crolle 18, the diſtance A B 256, will giue x 


bredth B C co be 192. 


8 To findabredth at twoſtations in aline perpen- 
dicular to the breath by knowing the diffe- 
rence of the ſame lations. 
This is alſo the ſame wich the third Prop: and therefore 
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$ Of taking of bredths. 
As the difference of iegments on che Staffe, 
vnto the difference of ſtations: 
So the ſegment on che Croſſe berweene the two ſights, 
vato the bredth required. 

And thus the difference berweene the tations at & and H 
being 64, the difference of ſegments on che Staffe 60, the 
ſegment ot the Croſſe 180, the bredth B C will be found 
to be 192. 

In like maner may we finde the bredth G C for hauing 
found the bredth BC the proportion will hold. 

As D E is vnto FE, fo BC vnto G C. Or otherwiſe, 

As HA vnto H A, ſo FE vnto GC. 

Neither is it materiall wherher the two ſtations be choſen 
at the one end of the bredth propoſed, or without it, or with- 
in it, if the line berweene the ſtations be ndicular vnto 
the bredth: as may appeare if in ſtead of the ſtations at A and 
H, we make choiſe of the like ſtations at ſand &. 

There might be other wayes ed to work theſe Prop. 
by holding the Crolle euen with the diſtance, and the Staffe 

ell with the height: but theſe would proue more trou- 

leſome, and thoſe which are deliuered are ſufficient, and 

theſame with thoſe which others haue ſer downe vnder the 
name of the Jacobi teffe, * 
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Theſdof the Tuner Boe, 

CHAP. IL 
The cuſe of the Tangent lines 
_ Intaking of Angles. 


L 


f 1 
£5 „ eſſe. TY 
Er che middle ſight be ahrayes ſet to the middle of the 


Croſſe, noted wich to and 30, and then the Croſſe 
b drayne 


a2 1 " 


www At 


drawne nearerthe eye, vntill the marks may be ſeene cloſe 
within the ſights. For ſoblſche eye it Achat end of the Staffe 
vrhich is noted with go and 180)b;holding thę marks K and 
N, berweene ne th Snob fi and , onche marks K 
and P betweene the to outward bghcs , the Croſſe being 
drawne downe vnto F, ſhall ſtand at 30 and 60, in the Tan- 

ent on the Staffe: it ſhewerh that the angle KAN is 30 gr. 
- angle K A P co gr. the one double to the other; which 
is theteaſon of the Suble nambers on this line of the Staffe: 
and this way wil ſerue for any angle from 20 gr.roward go gy, 
or from 40 gr. toward 180 gr. But if che angle be leſſe then 
20 gr. we muſt then make vſe ofthe Tangent vpõ the Croſſe. 


2 To find an angle by the Tangent of 20 
fi — 4 


Set 20 vnto 20, that is, the middle ſight to the middeſt of 
the Croſſe at the end of the Staffe, noted with 20: ſo the eye 
at A, btholding the marks L and N,cloſe betweene the two 
firſt lights, C and B,ſhall ſee them in an angle of 20 gr. 

It — marks ſhall be nearer together, as are At and M, 
then draw in the Croſſe from C vnto E: if they be farther 
aſunder, azare K and M, then draw out the Croſſe from C 
vnto z ſo the quantitie of the angle ſhal be ſtill found in the 
Croſſe in the Tangent of 20 gr. at the end of the Staffe; and 
this will ſerue for any angle from o gr. toward 33 gr. 


3 To find an angie bythe Tangent of 30 
pon the Croſſe. 


* This Tanger of 30 is here put the rather, that the end 


of the Staffe reſting at the eye, the hand may more caſily re- 


moue the Croſſe: fax. itiſ 4. be no lon- 
ger then 4 PE eee the 2 of the Staffe 
vnto 30 gr. about 22 inches and p Wherefore here ſer 
the middle fight vnto 3ogr.on the Staffe, and then either 
day rhe role in of ounce he mnlu pe ſoeps beers. 
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is en of adgitt- + 7 
che ewo Git lights e ſo the quantitie of | — angle will be 
found in the aal zo, which is here remeſermud y 
the line GH , and this * * for MN to- 


ward au © 8 IEP 
4 To . ieee. 


Here it is fir to haue an horinontall ſighe fereyrebe begit 
ning of the Staffe, and then may you turne your bacbe to- 

= che Sun, and your Crolle toward your eyr. If the alti- 
tude be vnder 4s gr. ſet the middle fight ro 36 on the Staffe, 
and looke by the middle fight through the horizonrall vn- 
to the horizon, mouing the Croſſe vpward ordownward,vn- 
till the fight doeſhadow che vpper halfe· of che hori- 
_ ght: ſo the altitude will be found in che Tangent 

30 

It che altitude ſhal be more then 45 8. fer the middle ſi * 
vnto the middeſt of the Croſſe, and look by the inward 
of che lower ſight through the horizo ro the edu. 
mouing the — e ſi % in or out, vntill the vpper ſight dv 
ſhadow the of the herrzontall ſight: ſo che alti- 
=P = be in the __— on the Se berweene 40 
and 180. 


s To ſe the Staffe 10 4ny angle Lines, 


This isthe conuerſe of the former Prop. For if the middle 
ſight be ſer to his place and degree, the eye looking cdoſe by 
the fights as before, cannot but ſee his obie in Ge angle 
tziuen. 


6 T# obſurne the altitude of the Sam another way. \ 


Set the middle ſight to the middle of the Croſſe, and hold 
the hotizontall ſight downward, ſo as the Croſſe may be pa- 
rallell to che horizon, then is the Staffe verricall z and if che 
outward light of the Crolle do OY the horizoncall ſight ty 
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12 The uſref the Tangent lines. 


_—__ 


che complement of the altitude wil be found inthe tangene 
on theStaffe, > - | 


Let the middle ſight be ſer to the middeſt of the Croſſe, 
and to that end of the Staffe which is noted with 90 and 1803 
then having a thread anda plummet ar the beginning of the 
Crolle,and turning the Croſſe the Staffe toward 
the Sunne, the thread will fall on the complement of the al- 
tirude aboue the horizon, And this may be applied to other 
purpoſes, | 


$ Toapphy the lines of inches to the taking 


* of angles, | 
If the angles be obſerued berweene the two firſt Goh, 
there wil befuch ion between the of the — 


and the parts of the Croſſe, as betweene the Radius and the 
Tangent of the angle. 

As if the parts in on the Staffe were zo inches, the 
parts on the Croſſe g inches. Then by proportion as 20 vnto 
9, ſo 100000 vnto 45000 the tangent of 24 gr. 14%. 
*— — _ being — —— = two out- 

ts, the parts being 20 and 9 as before, the angle wall 
dees d . double vnto the former. , 

In all theſe there is regard to be had to the parallax of the 
eye, and his height aboue the Horizon in obſeruations at Seaz 
to the Semidiameter ot the Sun, his and refraction, 
as in the vſe of other ſtaues. Ando this will be as — 
or more then that which hath been heretofore perform 
by the Croſt-feffo.. Oo e 


CHAP, 


The feof the lines of Chords. 12 
CHAP. 1111, 


The coſe of the lines of equall parts 
ioyned with the lines of Chords. 


T2 lines of — _ do ſerue alſo — protraction, — 
may appeare by the former Diagram: but being i 

with the lines of Chords, which I place vpon one ſi * 
Croſſe, they will farther ſerue for che protraction and reſolu- 
tion of right line triangles; whereof I will giue one example 
in finding of a diftance at two tations otherwiſe then in the 
ſecond Cap, 


Let the diſtance required be A B. At Athe firſt ſtatis I make 
choiſe of aftarion line roward C,and obſerue the angle BAC 
by the tangent lines, which may be 43 fr. 20 wv; then hauing 
gon an hundred paces toward C, I make my ſecond ſtation 
« D, where ſuppoſe I find the angle 3 - C co be 58 gr. F 


4474 
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174 The ve of the lines of Chords. 
the angle BD A to be 122 gr; this being done, I may finde 
the diſtance A B in this maner. 

rx I draw a right line AC, repreſenting the ſtation line. 

2 I rake 100 0ncof the lines of equall parts, and pricke 
them downe from ¶& the firſt ſtation vnto D che ſecond, 

3 J open my compaſſes to one of the chords of 60 vr, 
and ſetting one foote in the point A, with the ether 
ſcribe an occult arke of a circle intexſecting che ſtation line 
in E. is | 

4 [I take out of the ſame line of cberdi a chord of 43 gr. 
20 mn, (becauſe ſuch was the angle at the firſt ſtation) and 
this I inſcribe into that occult arke from E vnto F, which 
makes the angle FA D equall to che angle obſcrued at the 
firſt ſtation. 

5s [I deſcribe another like arke vpon the center D, and 
inſcribe into it a chord of 38 gr. from C vnto G, and draw 
the right line DG, hich doth meet with the other line 4 F 
in che point Z, and makes the angle BDC equall to the an- 
gle obſerued at the ſecond ſtation. $0 the angles in the Dia- 
gram being equall to the angles in the field, their ſides wil be 
alſo proportionall: and therefore, 

6 I cake out the line A B with my compaſſes, and mex- 
ſuring it in the ſame line of equall parts, from which I tooke 
AD, I find it to be 333, and ſuch is the diſtance required, 


CHAPB. 


The vfe of the Meridian line. ry 
cn. v. 
The woſe of the Meridian line. 
T He Meridian line, n oted with the letter A4,may ſerue 


for the more eaſie diuiſion of the plane ſea- chart, ac- 
cording to Mercators proie ction. For if you ſhall draw paral - 
lell meridians, each degree being halfe an inch diſtant from 
other, the degrees of this — * line on the Staffe, ſhall 
we the like degrees for the meridians on the chart, from the 
EquinoQiall toward the Pole: and then if through theſe de- 
gtees you draw ſtreight lines perpendicular to the meridians, 
they ſhall be parallels of latitude. 

If any deſire to haue the degrees of his chart larger then 
thoſe which I haue put on the Staffe, he may take theſe and 
increaſe them in adouble, or treble,or a decuple proportion 
at his pleaſure, 

2 This meridian line being ioyned with the line of chords, 
may ſerue fox the protraction & refolution of ſuch right line 
triangles as concerne latitude, longitude, rumb and diſtan ee 
in the practiſe of nauigation. As may appeare by this exam- 
Be. 45 05 1 ' | N 
Suppale two places giuen, A in the latitude of 0 gr. D 
in rw rnd of 32 pl „5 the difference of lon — be- 
tweene them being 6 gr. and let it be — — 
vhat Rumb leadeth from the one place to tit 6ther;ſecond- 
ly how many degrees diſtant they are aſun det 

1 TI drawa right line AE; repreſenting rhe parallell of 
the place from whence ] depart. 

2 I rake og/ or the difference of longitude, eicher out 
ofthe line of , allowing halfe an inch for euery degree, 
ot out of the beginning of the meridiu line; (for there the 
— — differ little from the equinoctiall de- 
grees) and theſe C gr. I pricke downe: in the parallell from 4 
to E. 


3 In Amd E, _— culars, AMandB D, 
repreſenting the meridians of both places. 


4. J 
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The vſe of the Meridian line. 
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4 I take the difference of latitude from go gr. to 30 
fr. zom. out of the meridian line, and pricke it downe in 
meridians from A vnto M, and from E to D, and draw the 
right line MD for the parallel! of the ſecond place, and the 
right line A D for the line of diſtance berweene both places 
fo the angle MA D ſhall gme the Rumb that leadeth from 
the one place to the other. 
To finde the quantitie of this angle MA D, I may ei- 
ther make vſe of the Protractor, or elſe of a line of chords, 
and ſo I open my compaſſes vnto one of the chords of 60 gr. 
and ſetting one foote in the point 4, with the other 1 
ſcribe an occult arke of a circle, interſecting the meridian in 
F, and the line of diſtance in G; then I rake the chord FG 
with my compaſſes, and meaſuring it in the ſame line of 
chords as before, I find it 36 gr: and ſuch is the — 
c 


. — to the meridian, which is the firſt thing that was 
require MY 2007 21 1 7 "ih ea: 21 
2 To find the quantitie of the line of diſtance A D, I take 
it out with my compaiſes, and meaſuring it in che meridian 
line, ſetting one ſoote beneath the leſeratinude, and the o- 
ther foore aꝶ much aboue the greater latitude, I find about 
457 intercepted beeweemborbfeemand ſuch is tha diſtamoe 
vpõ the Rumbgwhich is tho facond thing chat vas required. 
But if this example were protracted according to rhe com- 
mon Sea- chart, where the degrees of the equinoctiall and 
meridiag are boch alikęg the Numb M A D would be found 
to be ahoue 6/gr. and A D iht diſtancæ ypon the Rumb a- 
bout 6 rg. Ann uach dete le att 16s t a 
— e farther, that hauing ſet forth from A toward D, 
vpon the former Rumb of 56gr.15 w.N E6 B, after che ſhip 
had runue 36 leagues, the wind changing, it ran 30 leagues 
more vpon the ſeuenth Rumb of ECV, hoſe inclination 
to the meridian id gr 45. Ani let it be required to know 
what —— and latitude the ſhip. is in, by pricking down 
the way thereof vpon the Chart. r 
Hauing drawne a blanke chart as before, with mexidians 
& parallels, according to the latirude of the places propoſed. 
i ' I would make an angle MA D of y6'pr.15 w, for che 
Rumb of N EIO, which is dome after this maner2 I open 
my compaſſes to one of the chord of o gr. aridſertring one 
foote in the point A, with the other I deſcribe an oecult ark 
ofa circle, interſecting the meridianiti F chen I take 56997 
I5 #9. out oftheſameline of chocum unc prieke her dove 
from E vnto G: ſo the right line 4 G ſhal] be the Rumb r 
NEUE. | n wink" e 
2 I would C—_—_— of the meredian line, ex- 
tending my compalles frotti 305 pr. to i 35248 #:* a Hcher 
from as much below 50 4s bone r, ind prick them-dewhie 
_= the Rumb from Avnto I; ſo the point I, ſhal repreſent 
the place wherein the ſhip was hen the wind chatigꝭd And 
this is in che lacicude of 31 gr; o. and in the longitude of 
2 $7.21 w,Eaftward from the meridian 4 ;. * 
0 39 


Fo uſe of ibadl audi line. In : 
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18 The <o{6ofebolius of Numbers, 
$ By theſame reaſon, I may draw the right line 7 & for | 
the Rumb of EVN, and prickedowne the diſtance of 530 
lo i vnro E: ſo che pomt & thal repreſent the place | 
vhrher ers — che running of cheſe 50 leagues: 
and this is in the latitude of 51 gr. 30 . and in longitude f 
6 gr. 16. Eaſtward from che tirſt meridian A A, and there- 
fore: 160 Eaſtwerd from the ſecond meridian ED. t 
rr the f 
common ſea-charr che pome 4 would fall in the latitude of 
$1 97.0. and the point & 1rrhe latitude of 51 gr. 30 ww. But 
the longitude of I would be onely x gr. oa and the longi- 
cude of N oncdy 3g. y wn. whickhisyq Meſtward from che 
meridian of the place to which the ſhip was bounde 
Such is the difference berweene both theſe charts. 


„ CHAP. UI. warn 
Die coe of the line of Numbers. 
1 Having two numbers gien to find a third in conti. 
A proportion,s fonrth,s ft, and ſo forward, 


a Ea e ompaſſes from che Grit number vnto the ſe- b, 
cond; chen may you turnt chem, fromtheſecond to the ; 
third, and from che third to the fourth, and fo forward. 8 
Let the two numbers ginn be 2 and 4. Extend the com- ol 
les from 2 49.4, then may you turne them trom 4 to 8, and 
m to 16, and from, 46 to 32, and from ; to 64, and from 
64 tv 128. | Ob, | 
Or if the one Wote of the compalles being ſer to 64, the 
othex fall our ot the line, ron may Here to another 64 ncarer ne 
the hegin: in ere. tac the other foot will reach we 
to 128, and 128 you may turne them to 256, and ſo 
forward, N | 
Or if che two firſt numbers giuen were 10 and 9: extend 
- the compaſles from 10 at the cndaf the line, backe vnto g, 
chen may you turne them from vnto 8.2, and from 8.1 
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Theſe of the las of NAnb@5; ro 


vnto 7.29, And ſo if the two firſt numbers gi were 1 and | 


9, the third would be found to be 81, the 729, with 
the ſame extent of the compalles. Now 

In the ſame money, if — rwo faxſt — — 
12, you Gnde the cha partionall to be 14 4. t 
fourt 17.20, And with the — extent of the compaſſes, if 
the two firlt numbers were 1 and 12, the third would be 
found to be 144, and the fourth to be 1728. 


2 Hazing two extreme numbers g inen, to t 
4 meant proportional between them, 

Diuide the ſpace berweene the extreme numbers into two 
equall parts, and the foote of the compalles will ſtay at the 
meane proportionall. So the extreme numbers giuen bai 
8 and 32, Fre meane berweene them will be found to be 16, 


which may be proued by the former Pr where it was ſhew- 
ed, that as 8 to 16, ſo are 16 to 32. 


3 Ta find ibe ſquare roote of any mamber given, ts 


The ſquare roote is alwayes the meane proportionall be- 
tweene 1 and the number giuen, and therefore to be found 
by diuiding the ſpace betweene them anco,wy equall parts. 
So the roote of 9 is 3, and the roote of 81 is g, and the roote 
of 144 1512, 


4 Hauing two extreme numbers giuen, to find 
two mane propertionals between lem. 
Dinide the ſpace berweene the two extreme numbers gi- 


uen, into three equall parts. As if the extreme numbers giuen 
were 8 and 27, diuide the ſpace betweene them into three 


equall parts, the feet of the campaiſes will ſtand in ia and . 


5 To find ihe cubique roote of 4 number given. 
The cubique roote isalwayes the firſt of two meane pro- 


C2 por- 


cc S. 


29 Thawſr of the line of Numbers. 
als berweene t und the number giuen, and therefore 
to be found by diuiding the ſpace betweene them into three 


uall parts. | | 
. of 1928 will be found to be 12. The roote of 
17 280;isalmoft 26: andthe roote of 172800 15 almoſt 56, 


6 Ts wukiply one number by another, 


Extend the compaſſes from 1 tothe mulriplicatorzthe ſame 
extent applied che ſame wNayʒ hall reaeh from the multipli- 
cand to the product. 

As if the numbers to be multiplied were 25. and 30:eicher 
extend the compaſſes from 1 to 25, and the ſame extent will 
giue che diſtanco from 30 to 7g or extend them from i to 
vo and the ſame extent ſnall reach from 25 to 750. 

1 4811 


5. divide one number by another. 


Extend the compaſſes from the diviſor to 1, the ſame ex- 
tent ſnalt reach fromm die dividend to the quotient. 

So if 750 were to be diuided by 25, the quotient would 
be found to be 3o. 


$ Three numbers being giuen to find” 
i." 4 fourthproportonall. | 


This golden rule, the moſt vſefull of all others, is perfor- 
med witch like eaſe, For extend the compaltes from the firſt 
number to ehe ſecond, the fame extent ſhall giue the diftance 
from the third to the fourth. 

As for example, the proportion between the diameter and 
the circumference, is ſaid ro be ſuch as to 22: if the diame- 
ter be 14, how much is the circumference? Extend the com- 
pales from y to 225 the ſame extent ſhall giue the diſtance 
from 14 to 44: or extend them from y to 14, andthe. ſame 
extent Malfreach from 23 ro 44. 

Eicher of theſe wayes may bg tried on ſcucrall * 

=”. $ 


"_.. A _ wc 


this line; but that place is beſt, where the ſeete of the com- 
palles may ſtand neareſt together. | 


„ Three numbers being rinen to finde a fourth 
in a duplicated proportion, 


This propoſition concernes queſtions of proportion be- 
eweene lines and ſwperficier, where if the denomination be of 
lines, extend the compalles from the firſt ro the ſecond num- 
ber of the ſame denomination : ſo the {ame extent being 
doubled,ſhall gue the diſtance from the third number vnco 
the fourth. 

The diameter being 14, the content of the circle is 154: 
the diameter being 28,what may the content be? Extend tho 


compaſſes from 14 to 28, the ſame extent doubled will reach 


from 154 to 616. For firſt it reacheth from 154 vnto 308;and 
turning the 3 once more, it reacheth from 308 vnto 
616: and this is the content required. 

But if tlie firſt denomination be of the ſuperfieiall con- 
tent, extend the compaſſes vnto the halfe of che diſtance, be- 
tweene the firſt number and the ſecond of the ſame denomi- 
nation : ſo the ſame extent ſhall giue the diſtance from the 


third ro the fourth. 


The content of a circle being 154,the diameter is x4 : the 


content being 616, what may the diameter be? Diuide the 
diſtance berweene 154 and 616 into two equall parts, then 
ſer one-foote in 14, the other will reach to 28 the diame- 


ter required. 


10 Three numbers being einen to ſi ad a fourth 
in 4 ITiplicated preportion. 


This propoſition concerneth queſtions of proportion be- 


tweene lines and ſalids;where if the firſt denomination be of 


lines, extend the compalles from the firſt number to the ſe- 
condotthe ſame denomination: ſo the extent being tripled, 


ſhall giue the diſtance frõ che third number vnto the fourth. 


9 3. Suppole 


The wfe of the line of Number. . wn 
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22 The oſeof the line of Simes. 

Suppoſe the diameter of an iron bullet _ 4 inches, the 
weight of it was 9 Þ : the diameter being 8 inches, what may 
che weight be? Extend the compaſſes from 4 to 8, the ſame 
extent being tripled, wilt reach from 9 vnto 72. For firft it 
reacheth from 9 vnto 18 ʒthen from 18 ro 36;thirdly from 36 
to 72. And this is the weight required. 

But if the firſt denomination ſhall be of the Solid content, 
or of the weight, extend the com paſſes to a third part of the 
diſtance betweene the firſt number and the ſecond of the 
{ame denomination: ſo the ſame extent ſhal giue the diſtance 
from the third number vnto che fourth. 

The weight of a cube _ 72k, the ſide of it was 8 in- 
ches the weight being 9x, what may the ſide be? Diuide tlie 
diſtance betweene 72 and ꝗ, into three equall parts; then ſet 
one foote tos, the other will reach to , the ſide required. 


CHAP. VII. 
The cvſe of the lines of artificiall Sines. 
* line of fixes hath ſuch vſe in finding a fourth pro- 


portionall, as the ordinary Canes of Sines: and the ma- 
ner of — alwayesſuch as in this example. 
As the ſine of 30 gr. vnto the fine of 32 gr. 
So the line of 38 gr. to a fourth line, 

Extend the compaſſes in the line of ſes from 30 gr. vnto 
52 grzthe ſame extent ſhall giue the diſtance from 38 gr.vnto 
76 gr. Or extend them from 30 gr.vnto 38 gr. the ſame extent 
will reach from 32 fr. vnte 7s gp. which is the fourth pro- 
portionall ſine required. 

And thus may the reſt of all ſinieal proportions be wroughe 
two wayes. The minutes which are wanting in the firſt , 
gree, may be ſupplied by the line of Numbers, 


CHAP. 


The wfe of the line of Tangents. © © 23 


CHAP. VIIL. 
The cſe of the line of artificiall Tanzents. 


3 is line of Tangent hath like vſe, but commonly ioy- 
ned with the line of fines: the maner of working by it, 
may appeare by this example. 


As the Tangent of 38 7 30 m. 

is to che Tangent of 23 fr. 30 *. 
So the Sine of 90 gr. 

to a fourth Sine, 


This Prep. and ſuch others vpon two lines, may be wroughe 
two wayes. For extend the compalles from the Tangent of 
38 gr. 30 m. to the Tangent of 23 gr.30 * the ſame extent 
ſhall giue the diſtance from the ſine of go gr. to the ſine of 33 
27.8 m. Or elſe extend them from 38 fr. 30 m. in the Tangents 
vnto go gr. in the line of finer; the ſame extent fromthe Tan- 
gent of 23 — reach to the line of 33 fr. 8 w. which 
15 the fourth proportionall ſine required. 

And this croſſe work in many caſes is the better, in regard 
the tangents which ſhould paſſe on from 40 gr. to 30 gr. and 
ſo forward, do turne backe at 45 gr. Theſe two lines of Sines 
and 7 angents, may ſerue for the reſolution of all iphericall tri- 
angles, according to thoſe Canons which I haue ſer downe 
in the vſe of the Setter. 

Or if at any tine one meete with a ſecant, let him account 
the fine of $o gr. far a ſecant of 10 gr. and tlie ſine of 70 gr. 
for a ſecant of 20 fr. and ſo take the fine of the complement 
in ſtead of the ſecant. As it the propoſition were, 


As the Radius to the ſecant of 52 gr. 30. 
So the ſine of 23 fr. 30. to a fourth line. 


Extend the com ferm the Radius that is the ſine of 
90 gr. to the line ol 38 gr. 30 0. the ſame extcut will giue the 
diſtance from the ſing of 23 fr. 30 m. both to the line of 147. 
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24 Thewſeofthelines of Sines and Tangents 


and to the ine of 39 gr. 0 . But in this caſe, the ſine 
on £7.50 m. is the fourth requite 4. Por the friſt number 
being lefle then the ſecond, that is, the Radius leſſe then the 
ſecant, the ſine of 23 $39 . which is the third, muſt alſo 


be leſſe then the ſourt 


CHAP. IX. 


The -vſe of the line of Sines and Tangents 
zoyned with the line of num bers. 


He lines of fines and tangents haue another like vſe ioy 

A ned with the line of bers, eſpecially in the reſolution 

ot right line triangles, where the angles are meaſured by de- 

rees and minutes, and the ſides meaſured by abſolute num- 
— I will ſer downe theſe propoſitions. 


1 Huauing three angles and one ſide yo find 
the two other (ides. 


As the (ide of the angle oppoſite to the (ide giuen, 
is to the number belonging to that (ide giuen: 

So the ine of the angle — to the ſide required, 
to the number belonging to the ſide required. 


As in the example of the fourth Ca. of this booke, where 
knowing the diſtance berweene two ſtations at A and D 
to be 100 paces, the angle BAC to be 43 gr.20 m. and the 
_ B DC to be 58 gr. it was required to find the diſtance 


Firſt having theſe two angles, I may find the third angle 
ABD tobe 14 * m. either by ſubſtraction or by comple- 
ment vnto 180. Then in the triangle BA D, I haue three an- 
ples, and one ſide, whereby I may find both AB and DB. 1 

ow the angle ABD oppolite to the meaſured ſide «A D 
to be 14 gr. and varies ADI oppoſite to the ſide 
required, to be 12 2 fr: wh ore J +, the compalles ” 

| che 


ine with the line of Numbers. -* 25 
the line of Sues from 14 gr. 40 w.vnto 122 gr, or (which is all 
ane) to 58 gr. (ſor after — ſine of do gry. is alſo the ſine 
of 100 gr. and the ſine of 0 gr. che ſine of t to gr. and ſo in 
the reſt) ſo ſhall I ind the ſame extenc to reach in the line of 


aum bert, from 100 vnto 335. And ſuch is the diſtance requi · 


red betweene Aand . 


In like maner if I extend my compaſſes from the ſine of 
14 % to the fine of 43 gr. 20 *. the ſame extent will 
reach in the line of awnders from 100 to 271, And ſuch is the 
diſtance betweene D and B, — 

Or in croſſe worke, I may extend the compaſſes from 14 
$7 40 m.in the ars, vnto 100 in the line of =umbers : ſo 
the ſame extent will giue the diſtance from 38 gr. co 333 


parts, and from 43 $7.30 wv. to 271 parts. 


d 1 H. 
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26 Thewſeeſtheline of Sinasa nnd Tangents 
2 Hauing two ſides gives, and aue angle oppoſite to either 


I #f theſe ſides te find the other m νeꝭet 
e 
As the fide oppoſite tothe angle giuen, 

is to the ſitle of the angle giuen: 
Sv thg ot giuen, | 

0 che ſin that angle to which it is oppoſite. 
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So in the formet triangle, hau ng che two ſides AB 335 
paces, and A D 100 paces, and kno wing the anglc AD B, 
which is oppolice to the fide 4, to be 122gr, I may find 
the angle A B D, which, iS oppolige to the other (ide A D. 
For if I extend the compaſſes from 335 ro 100 in the line of 
numbers, I (hall finde the fame extent to reach in the line of 
ines from 122 gr. to 14 gr.40-mz and therefore ſuch is the an- 

gle ABD. * WW | 
| Then knowing theſe two angles ABD and ADB, I may 
4 find the third angle ; A D eſther by ſubtraction or by com- 
: plement to 180, to be 43 gr.20 mz and hauing three ang les 
| and two ſides, I may well find the third ſide DB, by the tox- 
Lg ——__—— 00k iy 
— This may be done more readily by croſſe worke. For if I 
extend the compalles from 335 parts, in the line of number, 
to the ſine of 122 gr.the ſame extent wil reach from 100 parts 
tothe ſine of 14 $r:49#5-7, aud backe from 4 gr-20-m. to 271 
parts; and ſuch 1s the chird fide DB, =, „ 20099701990 2069 55 
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the two other anglen and the third fide; + 


If the angle contained berweene the we Bide; be a right 
angle, the other two angles will be found readily by this ca- 
non. 

As che greater ſide giuen, 
is to the lefler (ide: 


80 


ina mith the line of Numbers. © * 27 
So the tangent of 45 gr. 

to the tangent of the leſſer ang Wi 92 

So im the teGanglertriangle 4 7B, knowing the fide 41 
to be 244, andthe fide / B to be 230: if I'exrend the com- 
paſſes from 244 to 230 in the line of exmbers, the ſame ex- 
tent will reach from 45 gr. to about 43 gr. 20 m. in the line of 
tangents; and ſuch is the leſſer angle 3 AI, and the comple- 
ment 46 gr:40 . ſhewes the greaker an le #87. The an les 
be ing knowne, the third fide A B may be found by the Hirit 


Prop. 

25 likewiſe in the example of the third C. of this booke, 
concern ing taking of angles by the line of in bes, her the 

ts intercepred on the Kaffe being 20 inches, and the pares 
on the Cxoſſe 9 inches, it was required to find the angle of al- 
titude. For I may extend the compaſſes in the line of. 
bers, from 20 vnto ꝗ, the ſame extent will teach in the line of 
tangents from 45 fr. to 24 fr. 14. Or in the croſſe worke, [ 
may extend the compaſſes from 20 parts in the line of - 
bers to the tangent ot 45 gr; che fame extent ſhall gue the 
dftance-from g parts vnto the tangent of 24 gr. 14m. And 
ſuch is the angle of altitude requitec. 

But if it be an oblique angle that is contained berweene 
the two ſides giuen, the triangle may be reduced into to 
rectangle triangles, and then reſolued as before. | 

As in the triangle AD B, where the fide AB is 335, and 
the fide AD 100, and the angle B A D 43 fr. 10 n if I let 
downe the perpendicular DH pon the fide A By I ſhal Raue 
two rectangle triangles, AHD, DHB; and in the xeQangle 
Ad, the angle at A being 43 fr. ac . tlie other angle ADH 
will be 46 gr. 30 m and with theſe angles and the fide A D, 
I may find both 4 H and DH, by the firſt Prop, Then taking 
AH out of 43, there remaines H B for the ſide of the re- 
ctangle DH Bʒ and therefore wich this ſide H B and the other 
ſide D H, I may find both che angle at B, and the third ſide 
DB, as in the former part of this Prop. 


Or I may ind the angles required, without letting downe 


any perpendicular, For p , 
4 2 As 
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28 The uſeef tho lintef ines and Tungents 
As the ſumme of the ſides, 
is to the difference of the fides: N | 
So the tangent of the halfe ſumme of the oppoſite angles, 
to the tangent of half the difference between thoſe angles, 


As in the former triangle 4 DB, the fumme of the ſides 
AB,A D, is 435, and the difference betweene them 235; che 
angle contained 43 gr.20 w; and therefore the ſumme of the 
two oppoſite angles 136 £749 m. and che halfe ſumme 68 gr 
20. Hereupon I extend the compalles in the line of u. 
bers from 455 to 235, and I find them to reach in the line of 
rawgents from 68 gr. 20m. vnto 53 £7.49 * and ſuch is the 
halfe difference berweene the oppoſite angles at 8 and D. 
This halfe difference being added to the halfe ſumme, doth 
giue 122 gy. for the greater angle ADB: and being ſub- 
tracted, it leaueth 14 fr. 40. ſor the lefler angle 48 D. Then 
the three angles being knowne, the third ſide B D may be 
found by the firft Prop. _ Wha: 22> 'v 


Haning the three ſides of 4 right lint triangle, is find 
i E. perpendicular ca the three angles. 


Let one ofthe three ſides giuen be the baſe, but rather the 
greater ſide, that the perpendicular may fall within the trian- 
—— gather the ſumme, and the difference of the two o- 
ther ſides, and the proportion will hold. | 


Ads the baſe of the triangle, 
i to the ſumme ofthe ſides: 
So the difference of the ſides 
to a fourth, which being taken forth of the baſe, the 
perpendicular ſhal fall on the middle of the remainder, 


As in the former triangle ADB, where the baſe AB is 335, 
the ſumme of the ſides AD and DB 371, and the difference 
of them 171. If I extend the compatles in the line of »ww 
bers from 335 vnto 371, I ſhall find the ſame extent to reach 
from 171 vnto 189.4. This fourth number I rake out of the 

baſe 
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baſe 335.0, and the remainder is 145.6, the halfe whereof is 
72.8, and doth ſhewthe place H, where the perpendicular 
ſhall fall, from the angle D, vpon the baſe 4 B, diuiding the 
former triangle ADB into two right angle triangles, DHA 
and DHB, in which the angles may be — by the former 
part of the third Prep. And chis may futhce for right line tri- 
angles. Bur for the more eaſie protraction of thete — 2 
I will fer downe one propoſition more concerning chora#. 


5 Hawing the ſemidiameter of a circle to find 
the chords of enery h te. 


As the ſine of 30 gr. 
to the fine of halfe the arke propoſed: 
So is the ſemidiameter of the circle giuen, 
to the chord of the ſame arke. 

As if in protracting the former triangle ADB, it were re- 
quired to find the length of a chord of 43 fr. 20 m. agreeing 
to the ſemidiameter A E, which is knowne to be 3 inches. 
The halte of 43 gr. 20m. is 21 fr. 40 m whercfore I extend 
the compalles from the (ine of 30 gr. to the line of 21 gr. 40 m. 
and I finde the ſame extent to reach in the line of numbers 
from 3.000 pets to 2.215; winch ſhewes, that the ſemidia- 
meter being 3 inches, the chord. of 43 gr.20 m. will be 2 2 
cher and 215 parts of 1000. 

In like manerthe chord of 38 gr. agreeing to the ſame ſe- 
midiameter, would be found to be 2 s*ches and gog parts. For 
the halfe of 38 being 29; if I excend the compalles in the line 
of fines from 30 gr. to 29 gr. the ſame extent will reach in the 
line of nambers ſrom 3. oo. vnto 2.909, 

Or in croſſe worke, if I extend the compaſſes from the fine 
of zo gr. to 3.000 in the line of nambers, I (hall find the ſame 
extent to reach from 21 gr.40 m. to 2.215 parts, and from 29 
t. to 2.999 parti, and from 7 gr.20 m. co 765 parts, forthe 
chord of 14gr.40 m. forthe third angle ABD. 


d 3 CHAP. 
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30 The vſc of the lint of verſed Sine 
CHAP. X. 


The cſe of the line of verſed ſines. 


His line of ver/ed fires is no neceſſary line. Fer all trian- 

les, both right lined and ſphericall, may be reſolued by 

the three former lines of »umbers, fines and rengents; yet | 

thoughr good to put it on the Staffe for the more calie fin- 

ding of an angle hauing three ſides, or a (ide hauing three ar- 
gles of a ſphericall triangle giuen. 

Suppoſe the three ſides to be, one of them 1 10 gr. the othe; 
78 gr. andthe third 38 gr.30 m. and let it be required to find 
the angle, whoſe baſe is 110 gr. 

I krit adde them together, and from halfe the ſumme ſub · 
tract the — difference after this maner, 


The baſe 110 gr. o m. 
The one ſide 20 
The other ſide 38 30 


The ſumme of all three 226 30 
The halfe ſumme 113 If 
The difference 3 15 
This done, I come to the Staffe, and extend the compaſſe 
from the ſine of go gr. to the fine of 78 gr. which is one of the 
ſides; and applying this extent from the ſine of the other (ide 
38 fr. 30 m. I find it to reach to a fourth ſine, about 35 gr. 30 
m. From this fourth ſine of 37 gr. 30 m. I extend the compal- 
ſes again, to the ſine of the halte ſumme 11 3gy.r5 m. (which 
is all one with the ſine of 66 gr. 45 *.) and this ſecond extent 
wil reach from the ſine of the difference 17 15 . to the ſine 
of 4 gr.54 m.Ouer againſt this ſine you ſhal find 146 gr.in the 
line of verſed finer; and ſuch is the angle xe<quired, 


THE 


THE SECOND BOOKE. 


Of the cyſe of the former lines of proportis, 
more particularly exemplified 
in ſeuerall kinds. 


| hol! 
Tai former booke containing the gene- 4 


rall vſe of each line of proportion, may be * 


ſuHcienc for all thoſe which know the 


rule of Three, and the doctrine of triangles.” =: 
; 


But for others, | ſuppoſe it would be more difſi 
cult to find either the declination of the Sunne, 
or his amplitude, or the like, by that which hath 
been ſaid in the vſe of the line of fizes, vuleſſe 
they may haue the particular proportions, by 
which ſuch propoſitions are to be wrought. And 
therefore for their ſakes I bane adtoyned this ſe- 
cond booke, containing ſeuerall proportions for 
propoſitions of ordinary vſe, and ſet them dawn | 


in ſuch order, that the Reader conſidering which — 


is the firſt of the three numbers giuen, may eaſily | 
apply them to the Sector, and alſa reſolue them 
by Arithmetique, beginning with thoſe which 
require help onely of the line of numbers. 


CHAP. L. 


Theoſe of the line of Numbers in broade 


meaſure, ſuch as boord, glaſſe, 
and the like. | 


He ordinary meaſure for bredth and length 


T. feere and inches, each foote diuided in- 
to 1a inches, and cuery inch into halues & quar- 
cers, 
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32 The vſe of the line of Numbers. 
ters, which being parts of ſeueral denominarions,doth breed 
much trouble both in arichmerigne and the vſe of inftra. 
ments. 

For the auoiding whereof , where I may pteuaile I yine 
this counſell, that ſuch as are delighted in meaſure would 
vie ſeuerall lines, firſt a line of inch meaſure, wherein euery 
inch may be diuided into 10 or 100 parts; — 2 line 
of foote meaſure, wherein euery foote may be dinided into 
100 or 1000 parts, both-which lines may be ſet on the ſame 
ſide of a two ſoote ruler, after this or the like maner. 


Then if they be to giue the content of any ſuperficies ot 
ſolid in inches, they may meaſure the ſides of it by the line of 
inches and parts of inches;bur if they be to giue the content 
in feete, it would be more eaſie for them to meaſure thoſe 
ſides by the foote line and his 

For example, let the length of a plane be 30 inches, and 
the bredth 21 inches and £ of an inch ; this length multi- 
plicd into the bredth, would giue che content to þe 64 
inches: but if I were to find the content of the ſame plane in 
feet, I would meaſure the ſides of it by the foote line and hi 
— ſo the length would proue to be 2 feere 2, and the 

edth 2 foote , and the length multiplied by the bredth 
cutting off the foure laſt figures, for the foure figures of the 
parts, would giue the content to be 4. ſoco, which is 4 foote 
and g0oo parts, of a foot being diuided into oo parti. 
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© in broad meaſure. 33 
The like "reaſon holdeth for yards and elnes, and all other 
meaſures diuided into iq too, or 1000 parts. 
This being preſuppBied, che worke will be more eaſie 
both by arithmetique and the line of eri, as may appeare 
by theſe propoſitiona rA 


1 Hung the bredth and length of any oblong ſaper- 
ficies giuen in — to finde * 
the content in inches. 


As 1 inch ynto the bredth in inches: 


So the ten$th in inehes vnro the content in inches. 
—— E 
** 9 : *. 
_ n . : * 
— | 1 
— F 


Suppoſe in the plane AD, the bredth A C to be 30 inches, 
and 5 length A to be 183 inches ; extend the compaſſes 
from 1 vnto 30, the ſame extent. will reach from 183 vnto 
5499; or extend them from'r vnro £93, the ſkme-extenewill 
reach from 30 vnto 5490. So both wayes the content requi- 
red is found to be 5490 inches. 

As f vato 30: {0 are 183 vnto 3490. 


2 Hauing the length and bredth of any oblong  ſuper- 
fictes giues in inches to finde the con: * 
tens in fecte. 


8 144 inches vnto the bredth in inches: | 
thel gr in inches vnto the content in feete. 


And thus in che former plane A D, working as before, the 


content will be found to be 38.12 which. is 38 foote and ; 
of a foote. 


As 144 vnto 3% ſo are 183 vnto 38.125, 
"1; 63. TSOUT e + 33900 \ 
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— Net's ag 
—— in feets, | 


As 1 foote vnto the bredth in foote meaſure: 
So the length in feete vnto the content in fecge. 
And thus in the former plane AD, the bredth will be 2 


foote 5o parts, and the length 123 boot 25 parrszthen working 
as —— content will be found to be 38.12. 


As 1 vnto 2.50: ſo are 15.25 vnto 38.125. 


4 Haning the bredib of any allamg ſuper ficier g iu en in 
inches, and the length in foote meaſureyto 


| find — content in feet. 


As 12 inches to the bredth in inches 
So rhe — in feet to the content in feet. 


So alſo in the former plane, the content will be found to 
be 38.125. 


As 1 vnto 30: ſo are 15.25 vnto 38.125. 


be bredth 
; — . ie 
ee ure. 


As the bredth in inches, vnto 144 inches: 
So 1 foot vnto the length in inch meaſure. 


do the bredth bein — — inches, the length of a foot wil be 
ſound to be 4 inches 


As 30 vnto 144: — are N 


6 Hazing the bredth and th of an oblon fictes 
oy eee. * 
wperficiall in foot mcaſure. 
As the * to i foot: | 
So the number of feet to the length in foot meaſure. 
a” 


So the bredth being 2 foot 30 parts, the length of a foot 
will be found to be 4o parts, the length of 2 feete 8gparts, 
and the length of 3; teer 1 foot 20 parts, &c. 

As 250 vnto 1: une 1 vnto 0.40, 


7 Having the length and breath of an oblong ſuper ficier, 
7 198d the — dentin 


Diuide the ſpace betweene the length and the bredth in- 
to two equall parts, and the foot of the compaſſes will ſtay at 
the ſide of the ſquare. 

So the length being 183 inches, and the bredth 30 inches, 
the ſide of the ſquare will be found to be almoſt 74 inches 
and io parts of 100. 

Or the bredth being 2 foot and 30 parts, the length x5 foot 
and 25 parts, the ſide of the ſquare wil be found to be about 
6 feet and 17 parts. 

As 30 vnto 74-10: ſo are 74.10 vnto 183,027, 
And as 2.50 vnto 6.174 ſo are 6.174 vnto 15.247. 


8 Haxing the diameter of acircle, to find the ſide 
of 4 ſquare equall to that circle. 


As 10000 to the diameter: 
So 8862 vnto the (ide of the ſquare. 
So the diameter of a circle being 15 inches, the ſide of the 
ſquare will be found about 13 inches and ag parts. 
As 10eco vnto 8862: fo are 15 vnto 13.29. 


9 Having the circumference of a circles find the (ide 
of # ſquare equall to the ſame circle. 


As 10000 to the circumference: 
So 2824 to the fide of the ſquare, 
So the cirumſerence of a circle being 47 inches 13 parts, 
the (ide of the ſquare will be about 13 inches 29 parts. 
Az toooo ynto 2821: ſo re 47.13 vnto 13.29. 
: c 3 10 Ha- 


There of the line of Numbers 


16 Haug the diameter of a circle, to find 
the circumference. 
11 Having the circumference of a circle, 
tis find the diameter. 
As 1000 to the diameter: E 
So 3142 to the circumference. 
So the diamerer being 15 inches, the circumference will 


be found about 45 inches 13 parts: or the cireumference be- 
ing 47.13, the diameter will be 15, 


CHAP. II. 


The wſe of the line of Numbers in the meaſure 
of land by perches and acres. 


1 Having the bredth and length of an oblong ſuper ies 
es, 


* 


giuen in perches, to find the content in perc 
As i perch to the bredth in perches: 


So the length in perches to the content in perches. 


So in the — AD, if the bredth A C be zo per- 
ches, and the length 45 183 perches, the content will be 
found to be 5490 perches. '£ 


2 Haging the length and bredth of an obloug ſuper ficies 
given in perches, to fiad the content in acres. 


As ic to the bredth in perches: 
So the length in perches to the content in acres. 


So in the former plane 4 D, the content will be found 
to be 34 acres, and 31 centeſms or parts of an 100. 
As 160 vnto 30: ſo are 183 vnto 34.31. 


3 Having 


5% # ..%* 


in land merſure. 37 


Hauing the length and bredth of an oblong ſuper ficies 
a Ziuen in chaines,to find the content bs acres. 


It being troubleſome to diuide the content in perches 
by 1 60, we may meaſure the length and bredth by chaines, 
each chaine being 4 perches in length, and diuided into 100 
links, then will the worke be more calic in arithmetique. 


For 
As io to the content in chaines: 


So the length in chaines to the content in acres. 
And thus in the former plane AD, the bredth 4 C will be 
7 chaines 30 links, and the length A 8 45 chaines 75 links; 
then working as before, the content will be found as before, 
34 acres 31 parts. | 


4 Waning the perpendicular and baſe of a triangle giuen 
in perches, to find the content in acres. 


If the P go forthe bredth, and the baſe for 
the length, the triangle will be the halte of the oblong. As 
the triangle CED is che halte of the oblong AD, whole 
content was found in the former Prop. Or without hal- 
fin 
1 As 320 to the perpendicular: 
go the baſe to the content in acres, 

So in the triangle C E D, the perpendicular being 30, and 
the baſe 183, the content will be found to be about 17 acres 


and 15 parts. 


5 Hawing the perpendicular and baſe of a triangle ginen 
in chaines, to find the content im acres, 


As 20 to the perpendicular: 
So the baſe to the content in acres. 
And ſo in the triangle C E D, che perpendicular E F be- 
© 3 mg 


þ 
N 
N 
N 
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ing 7.50, and the baſe C D 45.75, che content will be ſour 
— to be about 17 acres 15 parts. 
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6 Haning the content of a ſaperfictes after one kind 
of perch, to find the content of the ſame ſaprr- 
fictes according to another kind of perch. 


As the length of the ſecond perch 

| to the length of the firſt perch: 

al So the content in acres to a fourth number; 

9 and that fourth to the content in acres required. 
Suppoſe the plane A D meaſured with a chaine of 66 feet, 

or with a perch of 16 feete and an halfe, contained 34 acres 

31 parts; and it were demanded how many acres it would 

containe if it were meaſured with a chaine of 18 foor to the 

perch : theſe kind of propoſitions are wrought by the back- 7 

ward rule of three, aſter a duplicated proportion. Wherefore | 

extend the compalles from 26.5 vnto 18.0, and the ſame by 

extent doth reach backward, firſt from 34.31 to 31.45, and ſu 

then from 31.45 to 28.84, Which ſhewes the content to be 

28 acres 84 parts. | 


7 Having the plot of a plane with the content in acres 
ts * the 2 was plotted. d: 


| Suppoſe the plane AD contained 34 acres 31 centeſme Wh of 

if I ſhould meaſure it with a ſcale of 10 in the inch, the 

— AB would be 38 chaines and about x 2 centeſmes, and 

the bredth AC 6 chaines and 25 centeſmes; and the content 
would be found by the third Prep. of this Chapter, to be + 
bout 23 acres 82 whereas it ſhould be 34 acres 31 parts, 
Wherefore I diuide the diſtance berweene 23. 8 2, and 34. 
31,vpon the line of aumber; into two equall parts; then let- 
ting one foote of the compaſſes ypon 10, my ſuppoſed ſcale, 

I find the other to extend to 12, which is the ſcale required. 
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0 CHAP. III. 
The cſe of the line of Numbers in folid meaſure, 
ſuch as ftone, timber, and the like. 


—— n 

| Waning the fide of a ſquare equal is the baſe of any 

| ſolid giues in inch meaſure, ts find the 

of a foot ſolid in nab meaſure. 

K 1 

. He ſide of a ſquare equall to the baſe of a ſolid, may be 
e found by — ſpace berwcene the length and 
e bredch into two eqnall parts, as in the 7 Prep. of broad mica» 


d ſure. Then ' 
c As the (ide of the ſquare in inches to 41.57: 

So is x foot to a fourth number; 

and that fourth to the length in inches. 

So in the ſolid A N, the ſide of the ſquare equall to the 
baſe Ecbeing about 25 inches 45 parts, the length of a ſoot 
ſolid will be found about 8 inches 65 party, and the length 
of two foot ſolid 5 inches 33 parts. _ 

As 25.45 vnto 41.57 :ſo1.00 vnto 1.63. 
and ſo are 1.63 vnto 2.67. ; : 


Hauing the (ide the b 
r 
of afar ſolid in feat meaſure, 


As the ſide of the ſquare in feet vnto 1: 
So is t vnto a fourth number; 

Aud that fourth to the length in foot meaſure. 
p. So in the ſolid AH, che ſide ot the ſquare equal 9 


ate 


10 The w/e of the line of Numbers 
baſe EC, being about 2 foote 20 he length of a foot 


{ 


od will be found about 222 parts of a foot. 
As 2. 120 vnto . o: {0 4,090 vnto 044715 — 
and ſo axe 474 vnto 232. 


3 Hain g t be bredh anda 55 quared 1d ſolid gien 
2— - in foot meaſure 52 the lngthof « — 
5 oot ſolid in = ure, 


AH to the bredth i in foot meaſure: : 


80 the depth in feet to a foutth number; ; 
"which iS the cet of theſbafe hr foot menſure. Then 


eee en dan hits 1" <1 4" 9 
So i vnto the length in foot meaſure. 


So in the ſolid A N, the bredth bein 2 foot go parts, the 
depth 1 foot. 8 parts, tho content of 'xhe baſe E C will be 
found 4 toor 30 parts;and the length of one foot ſolid about 
222 parts, the length of two foot ſolid about 444 parts 
of 1000. 

As 1. oo vnto 2.50: ſo are 1.80 vnto 4.50. 
As 4. onto 1 Oos ſo r. o ynto 6.222, , 


4 Hawing the bredth and depth of a {quared [oli gi £4 


uen in inches, to find the length of a foot p 
ſolid? in inch meaſure. | a 
As f hath zo the bead ** | 
So the dei in inches to a fourth number; 
which is the content of the baſe in incher. Then 0 


As chis fourth number vnto 1728: 
So. i vnto ci length of Ede in ineh ncaſure. 


So in the ſolid A H, the bredth AC being zo inches, and 
thed:pth A E 21 inches 60 parts, the content of the baſe EC 


will be found to be 648 inches, and the lenge Wa weiten 
t inches 67 part. 


Qu EY 


in ſquared ſolids, 
As x vnto 21.6: ſo 30 vnto 648: 
As 648 vnto 1738: ſo 1 vnto 2.667. 


4 


Or as 12 tothe bredth in inches: 
So the depth in inches to a fourth nymber, 


As this fourth number to 144: 
So 1 vnto the length of a foot ſolid in inch meaſure. 


So in che ſolid A N, che bredth being 30 inches, the depth 
21 inches 6 parts, the fourth number wall be ſound to be 54, 
and the depth of a foot ſolid 2 inches 67 parts, 


As 12 vnto 21.6: ſo 30 vnto yꝗ. 


As 54 vnto 144% ſo 1 vnto 2.667. 
5 Huuing the ſide of a ſquare equall tothe baſe of any ſolid, 
and the thereof gi — ure, * 


to find the content thereof in feet. 


As 41.57 tothe fide of the ſquare in inches: 
So the length in inches to a fourth number; 
and that fourth to the content in foot meaſure. 


So in the ſolid e FH, che length A being 183 inches, 
and the ſide of the — equall to the baſe E C about 25 in- 
ches 45 parts, the fourth number will be found about 112, 
and the whole ſolid content about 68 feet 62 parts. 

As 41.57 vnto 25.45: ſo 183 vnto 112: 
and ſo are 112 vnto 68.62. 


6 Having the ſide of a ſquare equall to the baſe of any ſolid, 
and ihe length i — ee — 
' to find the comtent thereof in feet. 


As 1 to the ſide of the ſquare in foot meaſure: 
So the length in feet to a fourth number; 
and that fourth to the content in foot meaſute. 
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43 be wſeof the line of Nambers 
So in the former ſolid A N, the ſide of the ſquare equal! 
to the baſe A E, being about 2 foot 12 parts, and the length 
AB 15 foot 25 parts, the conent will be found to be about 
68 foot 62 parts. 
As 1 vnto 2.12: ſo 15.25 vnto 32.35: 
and ſo are 32.35 vato 68.62. 


Haxing the ſide of a (quare equal to the baſe of any ſolid 
. giuen in inch e ee 2 
in ſoot meaſure, to find the content ther 

in fects, 


As12 to the ſide of the ſquare . in inches: 
So the length in feet to a fourth number; 
and that fourth to the content in foot meaſure, 


go in the former ſobd. i H, the ſide of the equall ſquare 
being 25 inches 45 parts, the content will be found to be + 
about 6% feet 62 parts. 


As 12 vnto 25.45: ſo 15. 25 vnto 32.352 
and ſo axe 32.35 vnto 68.62. 


8 Huuing the length, bredth and depth of a ſquared 
ſolid 2 — 241 —— 
in inc hes. 


As 2 vnto the bredth in inches: 
So the depth in inches vnto the baſe in inches. Then 


As x vnto the baſe: 
So the length in inches vnto the ſolid content in inches 


So in the ſolid FH, whoſe bredth AC is 30 inches, the 


depth AE 21 inches and 6 parts of 10, and length 43 183, 
the content of the baſe E C wil be found 648 inches, and the 
whole ſolid content about 118500 inches. 

As i vnto 21.6: ſo are 30 vnto 648: 

As vnto 648; ſo are 183 to 118584. | 
9 J. 


Hauing the length bredth and depth of a (quared ſolid 
n Linen in inches, to find SY 2 I 


As i to the bredth in inches: 

So the depth in inches to the baſe in inches 

As 1728 to that baſe: , 

So the length in inches to the content in feet. 

So in the ſolid 4 N, the content will be found to be about 
68 feet 62 parts. 

As 1 vnto 21.6: ſo 30 vnto 648: 
As 1928 vnto 648: ſo 183 to 08.62. 

Or as 12 to the bredth in inches: 

So the depth in inches to a fourth number. 

As 144 to that fourth number: 

So the length in inches to the content in feet. 


And ſo alſo in the ſame ſolid A H, the content will be 
found to be about 68 feet 62 parts. 
As 12 vnto 21.6: ſo 30 vnto $4: 
As 144 vnto 54: ſo 183 vnto 68.63, 


o * ealth and devth of « 4 
— 


the coment in feet, 
As 2 vnto the bre dth in foot meaſure: 
So the depth in feet to the baſe in feet. 
Ast vnto that baſe: 


So the length in feet to the content in feet. 


And thus in ws former ſolid A H, the bredth 4 C will = 

2 foot 30 the depth A EA foot 8o parts, and the lengt 
AB rg — — working as before, the content of 
the baſe A F will be found feet 30 parts, and the whole ſo- 
lid content about 68 foot 62 mY which of all others may 
| 2 very 


—— 


— 
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very eaſily be tried by arithmetique. 
_ As1vnto2.50: ſo 1.80 vnto 4.50, 

As x ynto 4.50: ſo15.25 vato 68.625, , | 


11 Having the bredth and depth of a 52 giuen 
4 
r. 


in inches and the length in foot meaſure, 
to find the content thereof in 


'As x vnto the bredth in inches: 
So the depth in inches vnto a fourth number; 
which is the content of the baſe in inchies. 


As 144 hath vnto that fourth number: 
So the length in feet to the content in feet. 1 


And ſo in theſame ſolid A H, the content will be found 
to be about 68 feet 62 parts. 
Asxvnto21.6:ſo30vnto648. 
As 144 vnto 15.25: 10648 vnto 68.62. 
Or as 144 vnto the bredth in inches: 
So the depth in inches ynto a fourth number: 
which is the content of the baſe in feet. 
As 1 hath vnto that fourth number: 
So the length in feet to the content in feet. 
And ſo in the ſame ſolid AH, the content will be found 
to be about 68 feet 62 parts. 
As 144 vnto 21.6: ſo 30 vnto 4.50. - 
As x vnto 4.50: ſo 15.25 vnto 68.62. 
Or as 12 vnto the bredth in inches: 
So the depth in inches vnto a ſourch number. 
As ra vnto this fourth number: 
So the length in feet to the content in feet. 
And ſo alſo in the ſame ſolid AH, the content wil be ſound 
ta be about 6$ feet 62 parts. 
As 12 vnto 21. 6: ſo 30 vnto 54. 
As12 vnto54 ſo 15.25 vnto 68.62, 
All theſevaricries (and ſuch like not here mentioned) 0 
do 


L 


in the meaſare of cylinders, 45 
do — 1 making of the bale of the ſolid, to be E C; 


there would be as many more if any ſhall begin with che 
balc E H, and ſo likewiſe if they make the baſe to be FD. 


12 Hauing the diameter of a cylinder giuen in inch mea- 
ſure, to find the length of a ſaot ſolid in nc hes. 


As the diameter in inches vnto 46.90: 
So is 1 vnto a fourth number: 
and that fourth to the length in inches. 


So the diameter oſ a cylinder being 15 inches, 
the fourth number will be about 3.12, and the 
length of a foote ſolid ꝗ inches 78 parts. £ 

As iz vnto 46.90: ſo t vnto 3.127: 
and ſo are 3. 125 vnto 9.778. 


13 Hauinz the diameter of a cylinder g inen in 
foot meaſure, to find the length of 4 
foor ſoltd in foot meaſure. 


Asthe diameter in feet vnto 1.128: 
So is 1 vnto a fourth number; : 
and that fourth to the length in foot meaſure, # 
So the diameter being 1 foot 25 parts, the length Z 
of a foot ſolid wil be found about 8.1.4 parts of 2000; = 
As 1. 25 vnto 1.128: ſo 1.00 eo 0.9027: "= 
and fo aregoz7 vnto 8148. 


i Having the circumference of d cylinder giuen in inches, 
to find the length of a foot ſolid winch meaſure. 


As the circumference in inches to 147.36: 
So is 1 to a fourth number; 
and that fourth to the length in inches. 


So the circumference being 47 inches 13 parts, the length 
of a foot ſolid will be found Bone 9 inches 78 parts. ä 
13 
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46 The we of the line of Numbers 
As 47.13 vnto 147.36: ſo 1. oo to 3. 13: 
and io are 3. 13 vnto 9.78, 


15 Having the circumference of a cylinder giues in foot 
ates, to find the length of a ſoos ſolid 


in foot mes ure. 


As the circumference in feete to 3.545: 
Soisr to a fourth number; 
and that fourth to the length in foot meaſure. 
So the circumference being 3 foot 927 parts, the length 
of a foot ſolid will be found to be about 8 1f parts. 
— vnto 3.545: ſo 1. oo0 vnto 0.90 3; 
andſo are 903 vnto 815. 


6 Haning, the ſide are equall to the by . 
; — i — of 4 afl 70 


The ſide of a ſquare equall to the circle, may be ſound by 
the eighth Prop. of broad meaſure, and then this Prop. may 
be wrought by the firſt and ſecond Prop. of ſolid meaſure. 


17 Having the diameter of a cylinder, and the length 
ginen in inches to find che content in inches. 
As 1.128 vnto the diameter in inches: 
So the length in inches to a fourth number; 
and that h number to the content in inches. 
So the diameter being x5 inches, and the length 105, the 
— of the cylinder will be found to be about 18560 in- 
es. 0 
As 1.1284 vnto 13: ſo are 105 vnto 1393. 87: 
and ſo are 1395.7 vnto 18555.34+ 


18 He 


in the meaſure of cylinder. 49 


18 Having the diameter and length of a cylinder in foot 
meaſure, to find the content in feet. 


As 1.128 to the diameter in feet: 
So the length in feet to a fourth number; 
and that fourth to the content in feet. 


So the diameter being 1 foote 25 parts, andthe length 8 
foot and 75 parts, the content of the cylinder will be ſound 
about 10 foot 74 parts. 5 

As 1. 128 vnto 1.25: ſo 8. 5 vnto 9.69: 
and ſo are 9.69 vnto 10.737. 


19 Hauing the diameter of a cylinder, and the length 
inen in inches, to find the content in fn 


As 46.90 to the diameter in inches: 
So the length in inches to a fourth number; 
and that fourth to the content in feet. 


So the diameter * 15 inches, and the length 1053, the 
content will be found about 10 foot 74 parts. 

As 46. god vnto 15: ſo 10g vnto 33.38: 

and ſo are 33.58 vnto 10.737. 


20 Having the diameter of « cylinder giuen in inches 
and the length in feet to find the content in feet. 


As 13. q tothe diameter in inches: 
So the length in feet to a fourth number; 
and that fourth to the content in feete. 


So the diameter — t5 inches, and the length 8 ſoote 
75 parts, the content will be found about 1 o foot 74 parts. 
As 13.54 vnto 15: ſo 8.75 vnto 9.69. 
and ſo are 9.6g vnto 10.74. 
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21 Haxing the circumference and the length of a cylinder 
— in ineless to find the content in inches. 


As 3.545 tothe circumference in inches: 
So the length in inches co a fourth number; 
and that fourth to the content in inches. 


do the circumference being 47 inches 13 parts, and the 
length tog inches, the content will be found about 18560 
inches. 
As 3.545 vnto.47.13: ſo rog vnto 1396: 
and ſo are 1396 vnto 18355. 


22 Hauing the circumftrence and length of a cylinder 
Linen in inches,to find the content 52 t. 


As 147. 36 to the circumference in inches: 
So the length in inches to a fourth number; 
and that fourth to the content in feet. 


So the circumference being 47 inches 23 parts, andthe 
length tos inches, the content will be found about 10 foote 
74 parts, 

As147.36 vnto 47-13: ſo og vato 33.58: 
and ſo are 33.58 vnto 10,74. 


23 Haning the circumference and length of a cylinder 
giuen in foot meaſure go ſind the coment in feet. 


As 3.545 to the circumference jn feet: 
So tlie length in feet to a fourth number; 
and that fourth to the content in feet. 


So the.circumference being 3 ſoote gay parts, and the 
length 8 foot x5 parts, the content wil be found to be 10 foot 


74 parts. 
As 3.5 45 vnto 3.927: ſo 8. 25 vnto 9.59: 


aud ſo are 9.69 vnto 10. 7 
% 
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12.54 to the circumferen 
o the length in feet to a fourth number; 


— >. tothe concen in ſcet. u. \\ 
So the circumiference being 47 inches 13 parts, and the 
length 8 ſoot 75 parts, the content will be ound as OY 


10 foot 4 part «at» L 

A$ 42.54 vnto 47.1 3 o ;. 75 vato 9.69: 

and fo are 9. 69 vnto 1094 

Ab. III. 10 ng! bebe 
dane. 15 - 
The ſe of the line of Nambers in gauge= - 
ing of mo. 

e veſſels which are here me dende be 
1355 linders, or reduced er laden Ae the mean 
babene the diameter at the bed 1erer at che 
bongue, after the vſuall manex. | 

I me racing | gh 4 


the content 


Tis 


\. the gauge a | Go 
4 — the * * in the line of rar to halfe 5 
i herweene the. dt velle 
— ſme e adit re uy the diameter to e gauge 


9 * this 2 .— firſt, decaule chal kinds of N 


are not alike Here at London it. ij 4aic 

wine velle deing — nd ab Ns 

re gallonss; w _ 8 
oy 


Fa 
1 


8 7 0 
ginen in inches 


Gain inches 1.5) n u 


- — — — d — - 
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gx The uſe ef the line of Numbers in gauging. 
diuide the ſpace betweene 324 and 66 into two equall 
Darts: and be A e wal fall — 146, and the * ex· 
tent whichreacheth from 324 to 146, wil reach from the dia- 
meter 38 vnto 17,15 the gauge point for a gallon of wine or 
le after London meaſure, The like reaſon holdeth for the 

ike meaſures in all ocher places. „* 


2 Haxing he weane diameter and the lengob of a veſſel, 
| | to find the content. 


lo is D054 | 
Extend che compaſſes from the gauge point to che meane 
diameter, the ame extent beiti led, mall giue the di- 
ſtance from the length to che content. 

So. the meane diameter of a wine vellell being 20 inches, 
and the length 25 incllei, che cobiterit il be found to be 34 
gallons after Lond6 meaſure, For extend the compaſſes from 
17.25 vnto a0, che ſame extent wil xcuch from 25 vnto 29. 15, 
and trom 29.15 vnto 34. 1 

In like maner if the meane diameter were 16 inches, and 
the length 23, che content would be found to be about 20 

5. For the ſame txtent ich reacheth back from 17.15 
Js e will reach from 23 to 21.45, and from 2.43 viitg 


60 that if the meane diameter ſhall be r7 inches and i5 
1 
n 


centeſmes or parts c Nay zumber of inches in che lenge 
of the velſell, willgite c ke a YO ns tainted j 
the ſame veſlafs jameter ſhall be crore or lelle then 


2728, the content in gallons will be accordingly more 01 0 
lelle chen the length in inches. 0 
r Hain he didnt ad een Pole Uu. 
Extend the compaffes ſrom the diameter to the gauge el 
int, che ſame extent being doubled ſhall grue the ce t 

| wy content᷑ to che length of the veſlell. fe 
& 


So tlie gauge poin gas beſore, if the diameter ſhal 
be 3 — — 324 g«Uons vine _—_— 
| engen 


The wft of theſe lines is 4ſtrenomie, 10 
lengrh of the veſſels will be found about 66 inches, | 


Hazing the length of a veſſell and the content 
” a ta Js diameter. N 


Extend the compalles to halfe the diſtance. berweene the 
length and the content, the ſame extent ſhall reach from the 


gauge — to the diameter. 


do the length being 66 inches, and the content 324 gal- 
lons wine meaſure, the gauge point ſtanding as before, the 
diameter of the veſlcll wall be ſound tocbe about 38 inches. 


CHAP. V. 


(containing ſuch Aſtronomicall propoſitions 
as are of ordinary ce in the pra. 
Biſe of Navigation 
1 Tofindthe altitude of the Sunne by the ſhadow 
of 4 gnomon ſet perpendicular 
t the horizon. 
As the patts of the ſhadow 
are to the parts of the gnomon: 
So the tangent of 45 fr. | 
to the tangent Hate altitude. 

Extend the compalles in the line of mers, from the parts 
of the ſhadow to the parts of the pve eie fame extent wil 
giue the diſtance from the tangent of 45 gr. to the tangent 
of 2 Wer altitude. 

o the guomen being 3 6, and cheſhadow 29, the altitude 
wall be found co be ——— the gromon being ay, and 
the ſhadow 36, the altitude will be found to be 3 gr. 8 . Or 
the ſhadow being 20, and the gnomon g, the altitude will be 
found to be 25 gy, 14 . 28 in the eighth fr. of the vic of 
the teten linc, 10% 3441149 4 u 
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12 Theſe of the limes of fuer und tangents | 
2 Haning - the A wo ohe Sunce am the next equi- 
 weitidil point, to find bis — . 


As the Radius is in proportion 
to the ſine of the Sunnes greateſt declination: 
So the fine of the Suns diſtance from the next equi- 
noctiall point, 
to the ſme of the declmarion required. 

Extend che compaſſes in the line of ſner, from 90 gr. to 
23 fr. 30 . the ſame extent will giue rhe diſtance from the 
Sunnes place vnto his declination. 

So the Sunne being either in 29 fr. of x, or 1 gr. of =, or 
1 fr. of S, or 29 gr. of M, that is 59 gr. diſtant from the next e- 
quinoctiall point, che declination will be found about 20 gr. 

If the Sunne beſo neare the otiall point that his 
declination fall to be vnder i gr. it may be found by the line 
of numbers, As if the Sunne were in 2 fr. 5 m. of V, that is, 
125 1. from the equinoctiall point, the former extent of the 
compaſſes — of go gr. to the line of 23 gr. 30 . 
will reach in the line of amber from 123 vnto go, which 
ſhewes the declination to be about 50 wv. 


3 Hauing the latitude of the place, and the declination 
of the San, to find the time of the S un 
riſing and ſertin g. 


As the cotangent of the latitude 
to the envof the Suns declination: 
So isth 
to the line of the aſcenſionall difference berweene the 
houre of 6andrhe time of the Funsxiſing or ſetting. 
Extend the compaſſes from the tangent of the cowple- 
ment of the latitude, to the _—_ the declination: the 
fame — of go gr. to the ſine of the 
Or extend the compaſſes from the corangent of the katitude 
to 


w t + == oy = 


TRIP 15 01 . 1 
to the (ine of go gy, the ſame extent will reach from the tan- 
gent of the declination to the (ine of the aſcenſionall diffe- 


rence. 
So the latitude _ $1 gr. 30 m.Norchward, and the de- 


clination 20 gr. the difference of aſcenſion wil be found to be 
27 7.14 w. which reſoſued into houres and minutes, doth 
iuer houre and almoſt 49 m. for the difference berweene 
the Sunnes riſing or ſetting, and the houre of 6, according 
to the time of the yeare. | 


— of the plare,and the diftance of the 
Sun from the next equinoctiall point, to find 
bus amply 5 wade, 


As the coſine of the laticude 

to the line of the Suns greateſt declination: 
So the line of che place of the Sun, 

to the ſine of the amplicude, 


So the latitude being 51 fr. 30 c. and the place of the Sun 


in 1 gr. of =, that is 39 — from the next equinoctiall 
point, the amplitude will be found about 33 fr. 20 *. For ex- 
tend the compalles in the line of fixer, from 38 gr. 30 m. the 
ſine of the complement of the latitude, vnto 23 fr. 30 w. the 
fine of the Suns greateſt declination; the ſame extent will 
reach from 59 fr · vnto 33 gr. 0. Or extend them from 38 
gr. 30 . vnto 59 fr. the ſame extent will reach from 23 gr. 
30 m. vnto 33 fr. 20 s before, f 


Haning the lumadt of the place: and the declinttion 
: le few: od bis amplitude. * 


As the coſine of che latitude 
is to the Radius 

So the ſine of the declination, 
to the ſine of the amplitude. 


Extend the compuſſs hom che coſine of the Inirude eo 
82 | 


*z7 SB; 
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the ſine of go gr. the ſame extent will reach from the ſine 
of the Suns declination to the line of the amplitude. 

Or extend them from the coſine of the latitude to the line 
of the declination, the ſame extent will reach from the line 
of go gr. to the ſine of the amplitude. 

So the latitude being 31 fr. 30 wv. and the declination 20 
gr. the amplitude will be found to be 33 fr. 20 *. 


6 Haying the latitude of the place, and the decli nation 
of the Sun, to find the time when the Sun 
cameth to be due Eaſt or weſt. 


As the tangent of the latirude, 
is to the rangenr of the declination: 
So the Radius | 
to the coſine of the houre from the meridian. 


Extend the compaſſes from the tangent of the larirude to 
the tangent of the declination y the ſame extent will reach 
— the line of go gr. tothe ſine of the complement of the 

oure. 

Or extend them from the tangent of the latitude to the 
ſine of go gr; the ſame extent will reach from the tangent of 
the declination to the ſine of the complement of —— 

So the latitude being 31 fr. 30 w. and the declination 20 
25 the $unne wilt be 23 gr. io that is 4 houres and 5 3 m, 
6 2 te comeck to be in the Eaſt or Weſt, 


7 Haxing the latitude of the place, andthe declination 
the Sun, to par yr ours the Sun ball lune, 7 
when be cometh to be due Eaſt or weft, 
Asthefine of the latitude 
is to the (ine of the declination: 


So the Radius 
to the line of the altitude. 


Extend che compaſſes in the line of lines from the latieude 
ro 


in Aftronemie. 55 
to the ſine of the declination, the ſame extent will reach 
from the fine of go gr. to the ſine of the altitude. 

Or extend them from the fine of the laticude to the fine 
of go grz the ſume extent will reach from the fine of the de- 
clination to the fine of the altitude. 


So the latitude — * g. zo . and the declination 20 


gr. the altitude will be found about 25 fr. 5 5 w. 


8 Haxing the latitude of the place, and the declination 
of the San to find what altitude the Sun ſhall 
haue at the houre of ſix. 


As the Radius is in proportion 

to the line of the ſine of the declinationt 
So the ſine ot the latitude 

to che line of the altitude. 


Extend the compalles in the line of iet, from gor. to tlie 


declination; the ſame extent will reach from the latitude to 
the altitude. 


Or extend them from o gr. to the latitude, che ſame e 


tent will hold from the declination to the altitude. 


do the latitude being 51 gr. 30-m. and the declination of * 


the Sunne 20 fr. the altitude of the Sun will be ound co be 
about 156 gr. 30 | 


9: Haning the lititude of the place and the dec/ination- 
of the Sun,to find what azimuth the Suns 
ſtall haus at the houre of ſur. 


As the coline of rhe latitude 
is to the Radius: 
So the ootangent of the Suns declination, -- 


ro the tangent of the much from che Noth part 
2 So 


of the meridian, 


TTT. 


56 Theſe of the linesof ſints and tangents 

So the latitude being 51 fr. 30. andthe declinarion 20 gy. 
the azimuth will be found to be 79 gr.14 . For extend t 
compalles in the line of fines, from 38 gr.z0m. to gogr. the 
ſame extent will reach from che tangent of 70 gy. to che tan · 
gent of 77 gr.14 mm. 


10 Having the latitude of the place,and the declination 
of the Fun, and the ali nude of the Sun, 
40 find the 4 hb. 


Firſt conſider the declination of the Sunne, whether it be 
toward the North or the South, ſo haue you his diſtance 
from your pole : then adde this diſtance,the complement of 
his altitude, and the complement of your latirude, all three 
together, and from halfe the ſumme ſubtract the diſtance 
from the pole, and note the difference. 


1 As the Radius is in E. | ion 
e altit 


to the coſine of t ude: 
So the coſine of the latitude, 
to a fourth fine. 
2 As thisfourth fine 
is to the ſine of the halfe e: 
So the ſine of the differen 
to a ſeuenth ſine. 


Then find a meane proportionall ene this ſeuenth 
ſine and the Radius, this meane ſhall be the ſine of the com- 
cory of halte the azimuth from the North part of the me- 
r 

—— the declination of the Sun being knowne by the 
time of the yeare to be 20 gr.Southward, the altitude aboue 
the horizon found by obleruation 12 fr. and the latitude 
Northwards 1 gr. 30m. it were — £4 find the azimuth, 


Thedeclination is Southward, and therefore the diſtance 
from the pole 1 to gr; then turning the altitude and latitude 
vnto their complements, I es all three together, and 


from halfe the ſumme ſubtr 


the diſtance from the pole, 
noting 


mm 4 — 22» — 
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goting the difference after this maner. 

: Declin.South 20 gr. o w.. The diſtance I10 gy. o . 
Alcirude 12 © The complement 78 & 
Latitude N. 31 30 The complement 38 30 

The ſumme of all three 126 30 


The halfe ſumme 113 15 
The difference "= 

This done, I come to the Staffe,and extend the compaſſes 
from the / ſine of go gr.to the ſine of 78 gr. and find the ſame 
extent to reach from the ſine of 38 gr. 30 m. vnto 37 gr.30 m. 
Or if I extend chem from go gy. to 38 fr. 300. the ſame ex- 
tent doth reach from 78 gr. vnto 37 gr. 30 m. which is the 
fourth ſine required. 

Then I extend the compaſſes againe,from this fourth line 
of 37 fr. 30 m. vnto the ſine of the halfe ſumme 113 6. 15”. 
that is to the ſine of 66 gr, 45 m. (for after e che fine of 
do gr. doth ſtand ſor a ſine of 109 gr. and the fine of 
70 gr. ſor a ſine of 110 gr. and ſo the reſt for thoſe which 


are cheir complements to 180 fr.) and this ſecond extent. 


doth reach from the ſine of the difference 3 gr.15 mw. to the 
ſine of 4 gr.54mw. Or it I extend them from the fourth ſine 
of 37 gr. 30 m. to the line of the difference 3 gr,15 m. che 
ſame extent will reach from the ſine of the ha ſumme 11 3 
r. 15 m.vnto 4 fr. 4. which is the ſcuenth finerequired, 
Laſtly, I diuide the ſpace betweene this ſeuenth ſine of 4 
$7.54 . and the line of gogr.into two equall parts, and I fin 
the meane proportionall 2 to fall on 17 gr. wWhoſe comple- 
ment is 7 gr; the double of 73 gr. is 146 gr. and fſuch is che 
azimuth required. | 
Or having found the ſeventh ſine to be 4 gr.54 Imight 
looks ouer againſt it, in che line of verſed ſinas, and there. I 
ſhould find 446 gr. forthe azimuth from the Norrh parc of 
the meridian; and the complement of x46 4. to a ſemicircle 
being 347. will gine the azimuth from. the South part of 
the meridian, . _ | | 
But if it were required to find the azimuth in the ſame la- 
tide of 51 gr.30 m. Northward, with the ſame altitude of 
h 12 
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12 gr. and like declination of 20 gy. to the Northward, it 
would be found to be onely 72 gr. 52 w. chough the maner 


of worke be the ſame as beforc. 
Declin.North 20 gr. 0 The diſtance is o gr. o n. 
Altitude 12 0 The complement 78 0 


Latitud. North 31 30 The couplement 38 30 


The ſumme of all three 186 30 


The halfe ſumme 93 ig 
The difference 23 15 


Here us the Radius is to the (irfe of 28 pr: ſo the fine of 38 
8-30 . to the (inc of 37 fr. 30 w. which is the fourth ſine, 
and the ſame as before. 

Then as this fourth ſine of 37 gr.30 m. is tothe line of 93 
gi; w: ſo the (inc of 23 fr. 15 . to the ſine of 40 gr. 20 . 
which is the ſeuenth fine. 

The halfe way betweene this ſeuenth ſine and the ſine of 
90 gr. doth fall at 33 gr.34 *. whoſe complement is 36 gr. 26 
m and che double of that is 72 gr. 7 mv. the azimuth requi- 
re : 

Or I may find this ſame azimuth in the line of verſed finer, 
ouer againſt the ſeuenth fine of 40 fr. 20 m. 


11 Hawing the latitude of the place the declination of the 
Sun, and the altitude of the gun, to find 
the houre of the day. 


Adde the complement of the Suns altitude, and the di- 
ſtance of the Sun from the pole, and the complement of your 
latitude, all three together, and from halfe the ſumme ſub- 
tract the complement of the altitude „ and note the diffe- 
rence. 

1 As the Radius is in proportion 
to the ſine of the duns diſtance from the pole: 
So the ſine of the complement of the latitude, 
to a fourth ſine. | 


2 As 


rangents in A ftronomic. 59 
2 As thisfourth fine | 
isto the line of the halfe ſumme: 
So the fine of the difference 
to a ſeuenth line, 

The meane proportionall berweene this ſeuenth fine and 
the ſine of go gr. will be the fine of the complement ot halfe 
che houre from the meridian. 

Thus in our latirude of $1 gr.30m. the declination of the 
Sun being 20 gr. Northwara, and the altitude 12 gr, I might 
find the Sun to be 95 gr-52 w.from the meridian, 


Altitude 12 gr.om, The complement is 78 gr. o n. 

Deelin. North 20 o the diſt. from the pole 70 0 

Latitude Ft 30 the complement is 38 30 
The ſumme of all three 186 30 
The halfe ſumme 93 13 
The difference bs. 


Here as the Radius is to the fine of 70 gy. 
So the fine of 38 fr. 30 . to the line of 35 gr. 48 wv, 


As this ſine of 35 fr.. is to the ſine of 93 gr. 15 w, 
So the ſine of 15 gr.15 n. to the line of 26 gr, 40 m. 

The halfe may between this ſeuenth ſine of 26 fr. 40 *. and 
the ſine of go gr.doth fall at 42 gr. 4 . whoſe complement is 
47 £7.56 . and the double of that, 95 gr. ſ2 ww. which con- 
uerted into houres, doth giue 6 houres and almoſt 24. from 
the meridian. 


Orl might find theſegy gr 52 uin the line of verſed fines, 


ouer againſt the ſcuenth {inc of 26 gr. 40 m. 
12 Haning the azimuth, the Suns altitude, and the 
declination, to find the houre of the day, 


As the coſine of the declination 
is to the (line of the azimuth: 
do rhe coſine of the altitude 
o che line of the houre. 


F 2 | | 3 Thus 
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Thus the declination being 20 gr.Southward, the altitude 
1287. and che azimuth found by the tenth Prop. 146 gr. I 
might find the time to be 35 gr. 36 . that is 2 houres 22 m, 
from the nieridian. 


13 Having the houre of the day, the Sunnts altitude, 
and the declination, to find the azimuth. 


As the coſine of the altitude 
is to the fine ofthe houre: 

So the coſine of the declination, 
to the line of the azimuth. 


So the altitude of the Sun being 12 gr. and the declination 
20 gr. Southward, and the angle of the houre 33 gr.36 . I 
ſhould find the azimuth to be 34 gr. And ſo it is it it be rec- 
koned from the South; but 146 gr. if it be taken from the 
North part of the meridian. 


14 Hauing the diſtance of the Sun from the next equi. 
1 point, to find bis right aſcenſion. 
As the Radius . 
to the coſine of the greateſt declination: 
So the tangent of che Sitznce, 
to the tangent of theright aſcenſion. 


So the Sun being in the firſt degree of n, that is 59 gy, * 


ſtant from rhe next equinoctiall pornt, and the greateſt de- 


clination 23 gr.30 m. the right aſcenſion will be found to be 


56 gr. 46 wv. ſhort of the beginning of V, and therefore 
303 fg. 1499. 


ine the declination of the 
15 8 — Sun, 10 find 


As the tangent of the greateſt declination 
— deddicaien giuen: 
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So the Radius 
to the line of the right aſcenſion. 

So the greateſt declination being 23 gr. 30 . and the de- 
clination of the Sun giuen 20 gr. the right aſcenſion will be 
found about $6 $"-50 . 

uc 


Theſe are ſtronomicall propoſitions as I take to be 
vfefull for Sea · men. For the firſt and ſecond will help them 
to find their latitude ; the third to find the Suns — and 
ſettingʒ the 4.5. 6. 7. 8. 9. 10.13. Prep. to finde the variation of 
their compaſſe; the 11 and 12 Prop. to find the houre of the 
day; and the two laſt toward the finding of the houre of the 
night. For hauing the latitude of the — with the decli- 
nation and altitude of any ſtarre, they may find the houre of 
the ſtarre from the ry Jang as in che 11 _ Then com- 
paring the right aſcenſion of the ſtarre with the right aſcen- 
— the Sunne, they may haue the houre of the 
night. 

Al theſe propoſitions and ſach others may be wrought 
alſo by che tables of fines and tangents. For where foure num- 
bers 40 hold in proportion; as the, firſt to the ſecond, ſo the 
third to the fourth; chere if we multiply the ſecond into the 
third, and diuide the product by the firſt, the * will 

ive the fourth required. As in the example of the laſt Prop, 
where the delination being giuen, it was required to find 
the right aſcenſion. The tangent of 20 gr. the declination 
iuen is 3639702, Which being multiplied by the Radius, 
the 2 is 36397020000000, and this diuided by 
4348124 the tangent of 23 gr. 30 . the quotient 15 
8379747 the ine of 56gr.50w. for the right aſcenſion re- 
uire 

Or if any will vſe my tables of artificial fines and tangents, 
they may adde the ſecond and the third together, and from 
the ſumme ſubtract the firſt, the remainder will giue the 
fourth required. And ſo my tangent of 20 gr. is 9561. 638, 
which being . added to the Radius, makes 29561.0658; from 
this if they ſubtract 9638. 3019 the tangent of 23 755 . 
they hal fwd che nls, whac 
2 3- 
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Canon is the fine of $6 gr.49 0.56 ſecods;and ſuch is the right 
aſcenſion required, if it be reckoned from the next equino- 
ctiall point. ; | 
The like reaſon holdeth for all other Aſtronomicall — 
tions, as I will farther ſhew by thoſe two examples which 
— before for the finding of the azimuth in the 10 Prep. 
becauſe they are thought to be harder then the reſt, and re- 
quire three operations. 


In the firſt example. 
Declin.South 20 gr. ow. The diſtance 110 fr. ow. 


Altitude 12 o the complement 28 0 
Latitude Nor. 51 3 o the complement 38 30 
The ſumme of all three 226 30 
The halfe ſumme 113 13 
The difference 3 19 


The firſt operation will be to finde the fourth ſine; and 
that is done by adding the ſine of the complement of the al- 
titude to the ſine of the complement of — latitude, and 
ſubtracting the Radius: ſo adding 9990. 4044 the line of 78 
gr. vnto 9794. 149g the (ine of 38 gr. 30 m. the ſumme vll be 
19 784.5639. And the Radius being ſubtracted, the remain- 
der 9784-5539 is the fourth ſine, and belongeth to 37 gr. 

om. 

' The ſecond operation will be to find the ſeventh ſineʒand 
that is done by adding the fine of the halfe ſumme to the 
ſine of the difference, and fubrrating the fourth ſine, So 
the halfe ſumme being 113 gr.15 m. I take his complement 
to a ſemicircle, and ſo End is ſine to be 9963.2168,to which 
I adde 875 3.5278, the line of the difference 3 gr.15 mw; and 
the ſumme is 18716.7446. From this I take the fourth line 
97845539, and the remainder will be 8932. 1905, which is 
the ſeuenth ſine, and belongeth to 4 gr.54 *. 

The third operation will be to finde the meane proportio- 


- nall fine betweenethe ſeuenth ſine and the Radius, This in 
common arithmetique is done by multiplying the two ex- 
tremes, and taking the ſquare roote of the product. As in 

finding 
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ßen ding a meane propottionall betweene 4 and g, we mul- 
tiply 4 into 9, and the product is 36, whoſe ſquare root is 6, 
the meane proportionall between 4 and g. Bur here it is done 
by adding the ſine and the Radius, and taking the halfe of 
them. So the ſumme of the laſt ſeuenth ſine and the Radius 
is 18932. 190) and the halfe of that 9466.095 3, which is the 
meane proportionall ſine required, and . eth to 17 fr. 
whoſe complement is 73 gr. and the double of that 146 gr, 
the ſame azimuth as before, 


In the ſecond example. 
Declin.North 20 gr.ow. The diſtance 70 gr. o . 


Altitude 12 © the complement 78 ov 

Latitud. North 31 30 the complement 48 30 
The ſumme of all three 186 30 
The halfe ſumme 0 > 
The difference 12 v08- Bn 


The firſt operation will be to finde the fourth fine; and 
that is here 9784-5539, as in the former example. 

The ſecond operation wil be to find the ſeuenth ſinezand 
ſo here the fine of the halfe ſumme 93 gr. 15 m. being the 
fame with the ſine of $6gr.45 m. his complement to 180 gr. I 
find it to be 9999. 3009, to which I adde 9596.3153 theline 
of the difference 23 gr.15 wv. and the ſumme is 19593.6163. 
From this I take the fourth ſine 9784.55 39,and the remain- 
der will be 9811. 523 forthe ſeuenth line, and belongeth to 
40 fr. 20 m. 

he third operation will be to find the meane proportio- 
nall line betweene the ſeuenth ſine and the Radius. And fo 
here the Radius being added to the ſeuenth ſine, the ſumme 
will be 198 11.0623, and the halſe of tklat 9903. 5311 doth 
giue the meane proportionall fine belonging to about 53 gy. 
4. xhoſe complement is 36 fr. 26 . & the double of that 
52 N. the ſame azinuth as before. | 


3 
72 gr. 
[have ſet downe theſe three examples thus particularly, 


that I might ſhew the 2 between the Sraffe and the 
Caen. But otherwiſe 


might deliuer both the precept i 
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the worke,for the two laſt, more compendiouſly. For gene- 
rally in all ſphericall triang les, where three ſides are knowne, 
— an angle required, make that ſide which is oppoſite to 
the angle required, to be the baſe; — the ſumme, 
the ſumme, and the difference as e. 


As the rectangle contained vnder the ſines oſ the ſides, 
is to the ſquare of the whole ſine: 


$0 the rectangle contained vnder the ſines of the halfe 
ſumme and the difference, 


to the ſquare of the coſine of halfe the angle. 


Then for the worke, we may for the moſt part leaue out 


the rwo laſt figures;and if they be aboue 30, put an vnitie to 
the ſirt place, after this manet. * 


The ſecond example. 
70 gr. o m 
78 999040 
38 30 9794 15 
186 30 __19784]55 
93 15 9999 30 
23 I5 g59632 


_ 2000000 
39595162 P 
1861107 
36 26 990 %s 53 fr. 348. 
72 52 9 


Or for ſuch numbers as are to be ſubtracted, I may take 
them out of the Radius, and write downe the reſidue, and 
—— 3 — — with the reſt. As in the ſame ſe- 
cond example, the lines of 78 gr, and of 38 gr. 30 m. being 
che numbers to be ſuberacfedg I rake — the 


ſine of 78 gr. out of the Radius 20000. 0000, the reſidue 


15-95956: and fo the reſidue of 9794-1495 is 205. Sog. 
Wherctore in ſtead of ſubtracting thoſs _ Ie 
theſe reſidues after this maner: 


79 


The vſe of theſe lines is Itrouomit. 65 


70 gr.0 ww 

78 © 959 
38 30 205 83 
186 30 1 
E 0 

23 if 2795 

19811 06 

36 26 9903 53 53.34 
72 52 107 8 


Having theſe meanes to find the Sunnes azimuth, we may 


compare it with the magneticall imuth, and ſo finde the 
variation of the needle. 


N x 


For let the circle A 14 B, drawne on the center Z, be a 
lane,parallell co the horizon; A the point whereon the Sun 
— from vs, M the North point of the magneticall nee- 
dle, and the angle AZ M the magneticall azimuch. If we 
find the Sunnes azimuth as before, to be 72 gr. 52 m. from the 
North to the Weſtward, we may allow ſo many degrees from 
Avnto N, and ſo we haue the true North point from the 
meridian, and conſequently the Eaſt, South, and Weſt points 
of the horizon; and the diſtance berweene N and Ad = 
1 e 
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the variation of the needle. So that if the magneticall i- 
muth A Z M ſhall be 84 gr. un. and the Suns azimuth 4 
72 gr. 52 *. then muſt NZ M the difference betweene the 
two meridians, giue the variation to be 11 gr. 15 *. as Me. Bon- 
rowgh heretofore found it by his obſeruations at Limehouſe in 
the yeare 1580. But if the magneticall azimuth A ZM ſhall 
be 29 gr.. and the Suns azimuth A N 72 gr. 52. then 
ſhall the variation NZM be only 6 gr. 15 . as I — ſome- 
times found it of late. Hereypon I enquired after the place 
where MF. Benrongb obſerued, and went to Limebowſe with 


ſome of my friends, and rooke with vs a quadrant of 3 foote 
ſemidiameter, and two needles, the one aboue 6 mches,and 
the other 10 inches long, where I made the ſemidiameter of 
my horizontall plane AZ 12 inches: and toward night the 
13 of Iune 1622, I made obſeruation in ſeuerall parts of the 
ground, and found as ſolloweth. 


MAZN — 
2 Gr. N. Gr. Ad. Gr AM, 


— 
6 10 


6 
17 3480 - oj74- 65 54 
. 25173 205_ 55 
16 1878 12 $'325 4 
16 0177 50,72 los 40 

{8 » ie — 
10 1071 264 49%86 13 


9.5270 164 221. 47 


tangents in Nauigatiom. 
CHAP. VI. 


(ontaining ſuch nauticall queſtions as are | 


of ordmary vſe, concerning longitude, 
latitude, Rumb, and diſtance. 


1 To keep an account of the ſhips way. 


1 way that the ſhip maketh, may be | 


knowne to an old fea-man by experience, 

by others it may be found for ſome ſmall por- 
tion of time, either by the log line, or by the di- 
ſtance of two knowne markes on the ſhips (ide, 
The time in which it maketh this way, may be 
meaſured by a watch, or by a glaſſe. Then as lon 
as the wind continueth at the ſame ſtay, it fol- 
loweth by proportion, | 

As the time giuen is to an houre: 

So the way made, to an houres way. 


Suppoſe the time to be-15 ſeconds, which 
make a quarter of a minute, and the way of the 
ſhip dd feet: then becauſe there are 3600 {econds 
in an houre, I may extend the compaſſes in the 
line of r from 15 vnto 360, and the ſame 
extent will reach from 88 vnto 21120. 


Or I may extend them from 15 vnco 88, and 


this extent will reach from 3600 vnto 21120; 
which ſhewes that an houres way came to 21120 
feere. 

But this were an vnneceſſary buſineſſe, to hear- 
ken after feer or fadoms. It ſufficeth out fea-men 
ro find the way of their ſhip in leagues or miles. 
And they ſay that there are y feet in a pace, tooo 
paces in a mile, and Go miles in a degree, and 
therefore 300000 feere in a degree, Yer compa- 
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6% be vſeef the lines of ſines and tangents 
ring ſeuerall obſeruations, and their meaſures with our feete 
vihall about Lenden, I find that we may allow 352000 feete 
to a degreeʒ and then if I extend the compalles in the line of 
numbers from 352000 vnto 2t i 20, l ſhall find thaſame extent 
to reach from 20 leagues the meaſure of one degree, to 1.2, 
and from 6o miles to 3.6;which ſhewes the houres way to be 
x league and 2 tenths of a league, or 3 miles and 6 tenths of a 
mile. | 
But to auoid theſe fractions and other tedious reductions, 
I ſuppoſe it would be more eaſie to keep this account of the 
ſhips way (as alſo of the difference of latitude, and the diffe- 
rence of longitude) by degrees and parts of degrees, allow- 
ing 100 parts to each degree, which we may therefore call 
by the name of centeſmes, Neither would this be hard to con- 
ceiue. For if 100 ſuch parts do make a degree, then ſhall 50 
arts be equall ro 30 minutes, as 30 minutes are equall to 10 
— 5 parts ſhall be equall to 3 minutes, as 3 minutes 
are equall to i league. And ſo the ſame extent as before, will 
reach trom 100 parts vnto 6z which ſhewes chat the houres 


way required is õ cent, ſuch as 100 do make a degree, and 5 do 
make an ordinary league, 
This might alſo be done at one —— vpon theſe 


— . — feet into 45 lengths and ſet as many 
ol them as you may conueniently betweene two markes on 
the ſhips ſide, and note the ſeconds of time in which the ſhi 
gocth theſe lengths: forthe lengths diuided by che time, ſhall 
giue the cent. which the ſhip goeth in an houre, 

Suppoſe the diſtance bete ene the two markes to bebo 
len cb (which are 38 feet and 8 inches) and let rhe time be 
12 {ceonds: extend the cumpaſſes from x2 to i, in the line of 
numbers; ſo the ſame extent will reach from 60 vnto 5. Or ex- 
tend them from 12 vnto 60, and the ſame extent will reach 
from 1 vnto 5, This ſhewes that che ſhips way is according to 
5 cent. in an houre. 

This may be found yet more eaſily, if the log line ſhall be 
fitted to the time. As if the time be 45 ſeconds, the log line 
may haue a knor at the end of euery 44 feete; chen dot —— 
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ſhip run ſo manycevt,in an houre, as there are knots vered 
out in the ſpace of 45 ſeconds. If 30 ſeconds do ſeeme to be 
a more conuenient time, the log line may haue a knot at the 
end of euery 29 feet and 4 inches; and then alſo the centeſmer 
will be as many as the knors. Or if the knots be made ro any 
ſer number of feet, the time may be fitted vnto the diftance, 
As if the knots be made at the end of euery 24 feet, the glaſſe 
may be made 24 ſeconds and ſomewhat more then an halfe 
of a ſecond; and ſo theſe knots will ſhew the cent. If there be 
5 knors vered out in a glaſſe, then 5 cent; if 6 knots,then the 
ſhip goeth 6 cent. in the ſpace of an — and ſo in the reſt. 
For vpon this ſuppoſition, the proportion between the time 
and the feet will be as 45 vnto 44. But according to the com- 
mon ſuppoſition it ſhould ſeeme to be as 45 vnto 37 % ot in 
leſſer termes as 6 vnto 3. Thoſe which are ypon the place, 
may make proofe of both, and follow that which agrees beſt 
with their experience. 


2 By the latitude and difference of longitude, to find 
the diſtance pon a courſe of Eaſt and Weſt. 


Extend the compalles from che fine of go gr. vnto the fine 
of the complement of the latitudeʒthe fame extent ſhal reach 
in the line of nnr from the difference. of longitude to 
the diſtance. ' | | 

So the meaſure of one degree in the equator, being 100 
cent. the diſtance belonging to one degree of longirude in 
the latitude of 51 fr. 30 m. will be found about 62. cent. and . 
Or if che meaſure ot a degree be 60 miles, the diſtance will 
be found out 37 miles and i. If the meaſure be 20 leagues, 
then almoſt 12 leagues and :. If the meaſure be 171, as in 
the Spaniſh charts, then fomewhar leſſe they 11 leagues ſai- 
ling vpon this parallell, will giue an alteration gf onc degree 
of —— 
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Extend the compaſſes from the ſince. of the complement 
of the latitude, to the (ine of go gr; the ſame extent wil reach 
in the = of »#mbers from the diſtance to the difference of 
longirude, 


o the diſtance vpon a courſe of Eaſt or Weſt, in the lati- 
thde of 51 gr. 30 m. being 100 cent. the difference ot longitude 
will be found Co which make one degree and 6o centeſmes 
or 1 fr. 36 m. 

Or if it be 6o miles, the difference of longirude wil be 96, 
which alſo make 1 gr.36 mw. as before, 
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1 
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The longitude and latitude of twe places bring giuen 
" te find the Rumb leading ache 3 p 
to the other. 


Extend the compalles in the line of numbers from the diffe- 
rence of latitudes to the difference of longirudes ; the ſame 
extent will giue the diſtance from the tangent of 45 gr. vnto 
the tangent of the Rumb, according to the proiection of che 
common ſea- chart. 

So the latitude of the firſt place being o gr. the latitude 
of the ſecond 52 gr. 30 . and the difference of longirude 6 


gr. the Rumb will be found to be about 67 gr. a3 w. which is 


neare the inclination of the ſixth Rumb to the meridian. But 
this Rumb ſo found, is * reater then it ſhould be, and 
therefore to be limited; hic may be done ſufficiently for 
the Sea -· mans vſe,after this maner: . 

Extend the compalles either from the (ine of go gr. vnto 
the ſine of the complement of the middle latirude, the ſame 
extent will reach frõ the tangent of the Rumb before foun d, 
to the tangent of the Rumb limited. 

Or elſe extend them from the ſine of go gr, vnto the tan- 
gent of the Rumb before found; the ſame extent will reach 
from the ſine of the complement of the middle latitude, vnto 
the tangent of the Rumb limited. 

So the middle latitude between 30 — 52 er. 3o . be- 
ng 51 gr . and che Rumb before found 67 gr.23 . the 
Rumb limited will be found to be about 36 gr. 20m.which is 
but fiueꝰ minutes more then the inclination of the fift Rumb - 
to the meridian. 

2 This Rumb may be found by the help of the meridian - 
line vpon the Staffe. For if I take the difference of latitude 
out of the meridzan lime from 50 gr.vnro 52 gr.30 m. and mea- 
ſure it in his equinoctiall, or at the — of the meridian 
line, I ſhall find it there to be equal to 4 gr. Wherefore I work 
v if the difference of latitude were 4 gr. and extend the com- 
palles in the line of ners from 4 vnto g: ſo ſhall I 3 

the 
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the ſame extent to reach from the tangent of 47 gr. vnto the 


tangent of 56 2 20 m. and this is the inclinacion of the 
Rumb require 


Ey the Rumb and both latitudes, to find 
the diſtance pon the Rumb. 


Extend the compaſſes from the fine of the complement of 
the Rumb, vnto the ſine of go gr. the ſame extent in the line 
of numbers ſhall reach from the difference of latitude vnto 
the diſtance vpon the Runib. 

So the latitude of the firſt place being e er. the latitude 
of the ſecond 32 fr. 30 m. and the Rumb the fifr from the me- 
ridian. If I extend the compaſſes from 33 fr. 45 . vnto the 
line of go gr. I ſhall find the ſame extent in the line of am- 
bers to reach from 2 gr. jo cent. to 4 gr. o cent. and ſuch is the 
diſtance required. 


6 By the diſtance and both latitudes to find 
the Rumb. 


Extend the compaſſes in the line of n#whers from the di- 
ſtance vnto the difference of laticudes 5 the ſame extent wall 
reach in the line of ſmes,from go gr. vato the complement of 
the Rumb. 

So the one place being in the latitude of 30 gr. the other 
in the latitude of 52 ęr. 30 m. and the diſtance between them 
4 £7.50 cent, If I extend the compaſſes from 4.50 vnto 2.50 
in the line of ners, I ſhall find the ſame extent to reach 
from the fine of gogr. vnto the complement of 56 gr.15 m. 
and ſuch is the incliuation of the Rumb required. 


7 By one latitude,Rumb,and diſtance, to find the 
| difference of latitudes. 


Extend the co mpaſſes in the line of ſizes, from go gr. vnto 
the complement — Rumbz the fame extent in the a * 
number; 


ne 
* 
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members, will reach from the diſtance, vnto the difference of 
latitudes. 

So the leſſer altitude being 50 gr. and the diſtance 4 gr. 
cent. vpon the fifth Rumb from the meridian: if I extend the 
compallesfrom the ſine of go gr. to 33 fr. 45 w. I ſhall finde 
the ſame extent to reach from 4.50 in the line of bert, vn 
to 2. ꝓoʒand therefore the ſecond latitude to be 32 fr. 30 we 


8 Zy the Rumb and both latitudes, to find the 
difference of longitude. 


Extend the compaſſes from the tangent of 45 gr. vnto the 
tangent of the Rumb; the ſame extent will reach in the line 
of numbers from the difference of latitudes vnto the diffe- 


rence of longitude, according to the proiection ofthe com- 
mon ſea-chart, 


So the firſt latitude being 50 gr. and the ſecond 52 gr. 30 m. 
and the Rumb the fifth from the meridian :- if I —— 


compalles from the tangent of 45 gr. vnto 56 gr. 15 m. 4 ſhall 
find the ſame extent to reach from 2.50 in the line of - 
bers to about 3.75, which make 3 gr.45 ms. But this difference 
of longitude ſo found, is alwayes lefſer then it ſhould be, and 
therefore to be enlarged, which may be done ſufficiently for 


the ſea-mens vſe, after this maner: 


Extend the compalles from the ſine of the complement 


of the middle latitude,ynto the ſine of go gr. the ſame extent 
will reach in the line of nber from the difference of lon- 
gitude before found, vnto the difference of longitude in- 


So the middle latitude in this example being 51 gr. 15 *. 


and the difference of longitude before found 3 gr.75 cent. the 
difference of longirude inlarged will be found about 5 gr. 
99 cent. which are neare 6 gr. 


2 This difference of longirude may be found by help of 


the meridian line vpon the Staffe. For if I take the proper diffe- 

rence of latitude out of the meridian line, and meaſure it in 

his equinoctiall, or at the beginning of the meridian _ 
k 
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74 The vſe af the lines of numbers, 
I ſhall 6nd it to be equall to foure of choſe degrees. Where- 
fore hauing extended the compalles as before from che tan- 
gent oſ 45 gr.ynro the tangent of 36 fr. 15. the ſame ex- 
tent will teach from 4.00. inthe line of »#mbers, vnco 5.99; 
which ſhewes the difference of longitude to be about 3 gr. 
99 cent. or about halte a minute ſliort of ſix degrees. 


g By the dumb and hot h lab de. to finde the diſtance 
belonging to the chart of Meicators proicetion, 


Take the proper difference of latirudes out of the meri- 
dian line ofche chart, and meaſure it in his equinoctiall, or 
one of the parallels, and it will chere giue the difference of 
laticudes inlarged. Then extend che compalles from the ſine 
of the complement of the Rumb vnto the line of go gr. the 
{ame extent will reach in the line of »#mbers, from the lati- 
tude inlarged, vnto the diſtance required. Or extend them 
from the complement of the Rumb to the latitude inlarged, 
the ſame exrent will reach from go gr. vnto the diſtance, 
r let the place giuen be A in the latitude of 
30 gr. D in the latitude of 32 gr. 30 w.. 1 M the difference 
of latitudes, and the Rumb 4 A 7 the fiſch from the meri- 
dian. Firſt I rake out eF M the diftcrence of latitudes, and 
meaſure it in A E one of the parallels of che equinoQall; I 
find it to be very neare 4 gr: this is the difference of latitudes 
inlarged. Then if I extend the compalles from the line of 33 
gr. 45 m. the complement of the fifth Rumb vnto tlie ſine 
go gr. I ſhall find the ſame extent to reach in the line of - 
bers from 4.00 vnto 7.20. And this is the diſtance belong ing 
to the chart. Wherefore I take out theſe 7 gr.20 cent. out ot 
the ſcale of the parallell AZ, and pricke it 2owne vpon the 
Rumb from A vnto D, where it meeteth with the parallell 
of the ſecond latitude, Laſtly, I mcaſure it in the meridian 
line, ſetting one foote of the compalles as much below che 
leller latitude as tlie other aboue the greater latitude, and 


find it to be 4 gr.5o cent. which is the ſame diſtancę that I 
found before in the 5.Prop, 
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10 By the way of the ſhip, and two angles of poſition, 
to find the diſtance betweene i * 
and the land. 
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The way of the - way be knowne as in the firſt Prop, 
The angles may be ob{crued either by the Staffe,ov by anee- 
dle ſet on the Statfe. For example, ſuppoſe that being a A, 
I had ſight of the land at ᷣ̊, the ſhip going Eaſt Northeaſt 
from A toward C, and the angle of the ſhips poſition BAC 
being 43 fr. ꝛc : and after that che ſhip had made 10 cent. 
or 2 j ues of way from 4 vnto D, I obſcrued againe; and 
found the ſecond angle of che ſhips poſition BDC to be 58 


gr. or the inward angle BD A to be 122 gy; then may I finde 
the third angle ABD to be 14 er. 


40 m. either by ſubtraction 
or by complement vnto 180 gr. ; 
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In this and the like caſes, I haue a right line triangle, in 
which there is one ſide and three angles knowne, and it is 


2 the other two ſides and the Canon for it, is 
: Io whhis oi nt o N 


k 2 As 
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„„ ot eile ls, of find and tangent 


As the ſine of the angle oppoſite to the knowne ſide, 
is to that knowne fide: 
So the ſine of the angle oppoſite to the liderequired, 
is to the {ide required. 


Wherefore I extend the compaſſes from 14 gr. 40 m.in the 
— 10 in line of =wwberr\, and this extent doth reach 
58 r. co 33 f, and ſuch is the diſtance between A and 
B, and it reacheth from 43 fr. 20 *. vnto 27 in the line of 
wumberr; and ſuch is the diſtance from D to B. 
Theſe two diſtances being knowne,I may ſet out the land 
the chart. For hauing ſet downe the way of the ſhip 
from A to D by that which I ſhewed before in the vie of the 
meridian line, I may by che ſame reaſon ſet off the diſtance 
AB and DB, which meeting in the point B, ſhall there re- 
ſemble the land required. 


117 By knowing the diſtance between two places on the lands 
and how they beare one from the other, and having the 
angles of poſition at the ſhip to find the diſtance 
bet werne the ſhip and the land. 


If it may be conueniently, let the angle of poſition be ob- 
ſerued at ſuch time as the ſhip cometh to be right ouer a- 
ainſt one of the places. As if the places be Eaſt and Weſt, 
eeke to bring one of them South or North from you , and 
then obſerue the angle of poſition: ſo ſhall you haue a right 
line triangle, with one (ide and three ang les, whereby to ind 
the two other ſides. Firſt you haue the angle of wy Hen at 
the ſhip; then a right angle at the place that is ouer againſt 
you;and the third angle at the other place is the complement 
to the angle of poſition. Wherefore | 


As the fine of the angle of poſition, 


is to the diſtance berweene the two places: , 
So the coline of the angle of ion, 


to the diſtance berweene nene 


— — 


* 
* 


in Nauigatios. ö 77 
And ſo is the ſine of gogr. 
to the diſtance from the ſhip to the farther place. 


So the places — t cent. or three leagues one from 
the other, and the angle of poſition 29 * nearer diſtance 
will be found about 27 cent, and the farther diſtance about 


1 cent, 
a Or howſoeuer the angle of poſition were obſerued, the 
diſtance berweene the ſhip and the land may be found gene- 
rally as in this example: 

Suppoſe A and D were two head lands knowne to be Eaſt 
Northeaſt, and Weſt Southweſt, 10 cent. or two leagues 
one from the other; and that the ſhip being at I, I obſerued 
the angle of the —_— DB A, and found it to be 14 

40 w. and that D did beare 9 gr. 30 . and 4 24 gr.10 mn. 

om the meridian S, this example would be like the for- 
mer. For if the angle SBD be g gr. 30 m. from the South to 
the Weſtward, then ſhall VD be 9 gr. 30 m. ſrom the North 
to the Eaſtward. Take theſe 9 gr. 30 . out of the angle N DE 
which is 65 gr. 30 . becauſe the two head lands lie Eaft 
Northeaſt, and there will remaine 38 gr. for the angle Z DE, 
and the in ward angle BDA (hall be 122 gr. Take theſe two 
angles A B D and B D A out of 180 gr. and th re wil remaine 
43 gr 20 * ſor the third angle BAD. Wherefore here alſo are 
three angles and one ſide, by which I may find the two other 
ſides, as in the laſt Prop. 

T heſe propoſit ions thus wrought by the Staffe, are ſuch 
as I thought to be vſefull for ſea · men, and thoſe that are skil- 
fall may apply the example to many others. Thoſe that be- 

in, and are willing to practiſe, may buſie themſelues with 
this which followeth. | 

Suppoſe foure ports, L, N, O, P; of which L is in the lati- 
rude ot 50 gr. N is North from L 200 leagues or 1000 cem- 
toſmer;, O Weſt from L 1000 cent. and P Weſt from N 
1060 cent: ſo that L and © will be in the ſame latitude 
of Jo gr. N and P boch in the latitude of 60 gr. Then let two 
ſhips t from L, the one to * O, che ocher at — 

3 
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78 The vſe of theſe lines in Nanigation. 
and then both to meet at P, there to lade, and from thence 
to returne the neareſt way vnto L. Here many queſtions 


may be propoſed. . 


What is the longitude of the port at O? 

2 What is the longitude of P? And why O and P ſhould 
not be in tlie ſame longitude? 

What is the Rumb from O vnto P? 

4 What is the diſtance from © vnto P? And why the 
way ſhould be more from L vnto P, going by O, then 
by N? 

What is che Rumb from P vnto L? 

6 What is the diſtance from P vnto L? 

7 What is the Rumb from N vnto O? 

8 What is the diſtance from N vnto O? And why it 
ſhould not be the like Rumb and diſtance from & vnto 0, 
as from P vnto L? | 


Theſe queſtions well conſidered, and either reſolued by 
the Staffe, or pricked downe on the chart, and compared 
with the globe and the common Sea-charrt , will giue ſome 
light to the direction of a courſe, and reduction — places to 
their due longitude, which are ao fouly diſtorted in the 
common Sea - charts. 47 


An 


97 


An Appendix concerning 
The deſcription and -oſe of an inſtrument, made 


in forme of a Croſſe. bow, ſor the more ea- 


fie finding of the latitude at Sea. 
TY former Prop. ſuppoſe the latitude to be knowne, 


I will here ſhew how it may be eaſily obſerued. 
Vpon the center 4,and ſemidiameter A B,deſcribe an ark 
of a circle & N. The ſame ſemidiameter will ſet of 60 gr. 
from B vnto S for the South end, and other 60 gr. from B vn- 
to N for the North end of the Bow: ſo the whole Bow will 
containe 120 fr. the third part of a circle, Let it therefore be 
diuided into ſo many degrees, and each degree ſubdiuided 
into ſix parts, that each part may be ten minutes: but let the 
numbers ſer to it be 3. 10. 15. vnto go gr. and then _= 


5-10. 15. vnto 25. that 55 may fall in the middle, as in this fi- 
gure, 


Al 


The Bow being thus diuided and numbred, you may ſer 
the monetlis and dayes of each moneth vpon che backed 
N tuc 


80 The deſcription of the Bow. 
ſuch ſtarres as are fic for obſernation vpon the fide of the 


Bow. 

If you deſire to make vſe of it in North latitude, — may 
— 23 fr. 30 m. from go towards the end of the Bowe 
at N, and there place the tenth day of Tune. And 23 fr. 30 m. 
from go toward S; and there at 66 gr. 30 m. place the tenth 
day of December. And ſo the reſt ot the dayes of che yeare, 
according to the declination of the Sunne at rhe ſame dayes. 
The ſtarres may be placed in like maner according to their 
declinations. 

Arcturus at 21 gr. 10 m. 

The Buls eye 18 42 

The Lions heart 13 45 

The Vultures heart 7 358 

The little dog 6 9 from go toward the 
North end of the Bow at N. Then for Southerne ſtarres,you 
may number their declination from 90 toward the South 
of the Bow at S. As firſt the throe ſtarres in Orions gir- 


855 The firſt 
e firſt at O gr. 37. 
The ſecond - 28 
The third 3 


The Hydr#'s heart 7 5 
The virgins ſpike 9 10 


The great dog 3 

The Scorpions heart 25 30 

Fomahant 31 30 And ſo the South 
crowne, the triangle, the clouds, the croſiers, or what other 
ſtarres you think fr for obſcruation. This I call the fore fide 
of the Bow, 


If you deſire to make vſe of it in South latitude, you may 
turne the Bow, and diuide the backe ſide of it, and numbet 
it in like maner; and then ou on the moneths and dayes of 
the yeare, placing the tenth of December at the South end, 
and the tenth of June toward the middle of the Bew, and 
; — reſt of the dayes according to the Sunnes declination as 

ore. 


The 


Thewft of the l. 8 
The chiefeſt of che Northerne ſtarres may here be placed 
in like maner according to their declination, Anno 1629, 
The pole ſtarre at 87 gr. 20 *. 
. Thefirſt guard 75 4s 
The ſecond guard =... 
The great Beares backe 63 45 
In the great — d =. 3 
Beares taile third - 77 
The ſide of Perſeus 48 28 
The goate 45 33 
The taile of the ſwan 44 o 
The head of Meduſa 39 30 


The harp 38 30 
Caſtor 32 38 
Pollux 28 32 


The North crowne 28 © 

TheRams head 21 40 

— 21 10 

The Buls eye Is 43 

The Lions heart 13 4s 

The Vultures heart 7 58 

Orionszight ſhoulder 7 17 

Orions lett ſhoulder 57 
Andſoan othtr ſtarre,whoſe declination is knowne vnto 
you, which being done. The vſe of this Bow may be 


1 The day of the moneth being, knowne, to finde 
the declination of the Sunne. 
2 The declination being giuen, to finde the 


Theſe two Prep. depend on the making of the Bow. If the 
hor be here rake leave ta the backs ofthe Dow forks 


declination will in the ſide. Or if the declination 
beknowne, the day of the moneth is ſer ouer agai — 


As if che day of the moncth were the * Iuly: 
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— backe — — 

i in the backe of the Bo you ſhall find it ouer a- 
pry gr. ol North declipation'. If the declination given 
be 20 gr. to the Sourhward,you ſhal find the day to be either 
the eleuenth of Nouember,or the eleuenth of Ianuary. 


3 Tofind the altitude of the Sunne or ſlarres. 


Here it is fit to haue two running ſights, which may be 
eaſily moued on the backe of the Bow. The vpper ſight may 
be ſer either to 60 gr. orto 70 gr. or to 8ogr. as you ſhall find 
to be moſt conuenient: the other fight may be ſer on, to any 

lace betweene the middle and the other end of the Bow. 
Then with the one hand hold the center of the Bow to your 
eye, ſo as you may ſee the Sunne or ſtarre by the vpper liehe, 
and with the other hand moue the lower light vp or downe 
vntill you haue brought one of the edges of it to be euen 
with = horizon (as when you obſerue with the Croſſe- 
ſtaffe:) ſo the degrees contained betweene that edge and the 
vpper ſight, hall ſhew the altitude required. | 

Thus if the vpper ſight ſhal be at 80 gr. and the lower ſight 
at 30 gr. che altitude required is 30 gr. | 


4 To find any North latitude, by kuoming either the day 
of the moneth,or the declination of — 


As oft as you are to obſerut in North latitude, place both 
the ſights on the fore ſide of the Bow, the vpper light to the 
declination of the Sunne, or the day of the monerh at the 
North end, and the lower ſight toward the South end. Then 
when the Sunne cometh to the meridian, turne your face to 
the — with the ont ba 5 the center of the Bow 
to your eye, ſo as you may ſee the Sunne by the vpper fight 
with che other hind moue the — vacill you — 
brought one of the edges of it to be euen with the horizon: 
ſo that edge of the lower fight ſhall ſhew the latitude of the 
place in the fore (ide of the BoW ö * n 


- 
* 
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Thus being in North latitudt vpon the ninth of OAbber 
: 7 x 


ST IEEE LOG 


in finding the luitude, 


if I ſer the . this day, at the fore fide and North . 


end of the Bow, I hall find it to fall to the Southward of go 
n 80 gr. and therefore at 10 — declination. Then 
the Sanne coming to the meridian, I may ſet the center of 
the Bow to mine eye, as if I went to find the altitude of the 
Sunne, holding the North end of the Bow vpward, with the 
per light berweene mine eye and the Sunne, and mouing 
the lower ſight, vntill it come to be euen with the horizon, 
If here the lower ſight ſhall tay at 30 gr. I may well ſay, that 
the latitude is 50 gr. For the — altitude of the Sunne 
is 30 gr. by the laſt Prep. and the Sun hauing 10 gy. of South 
declination, the meridian altitude of the equator would be 
z and therefore the obſeruation was made in 50 gr. of 
North latitude, 
By the ſame reaſon, if the lower (ide had ſtayed at 31 gy, 
20m. - 5 latitude muſt haue been 51 gr. 30 m. and ſo in 
the reſt. | 


5 To find any North latitude by the meridian altitude 
of the ſtarres to the Soutbward, 


Let che vpper light be ſer to the ſtarre, which you intend 
to obſerue, here placed in the fore fide of the Bow. Then hold 
the North end of the Bow vpward , and curning your face 
to the South, obſerue the meridian altitude as betore: ſo the 
lower light ſhall ſhew the latitude of the place in the fore (ide 
of the Bow. 2. 1 "21 1954 D ben n 

Thus if in obſeruing the meridian altitude of the great 
33 lower ſight ſhall ſtay at go gr. it would ſhew 
he latitude to be go . For this ſtarre being here placed at 
7347-48 m. if we take thence 50 gr. his meridian altitude 
would be 23 gr. 48 w. to this if we adde. 16 gr. 14 m. forthe 
South declination of chisſtarre; would ſhewthe meridian 
altitude of the equator to be 40 gr.and therefore the latitude 
to be 30 gv. > eva ob, | A T1 SUP 
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84 The vſeef the-Bow 


6 To find any North lutitudt,by the meridian altitude 
the ſtarres to the Northward. 


Let the ſight be ſet to the ſtarre which you intend 
to obſerue, — placed on the backe fide of the Bow. Then 
hold the North end of the Bow vpward, and turning your 
face to the North, obſerue the altitude of the ſtarre when he 
cometh to be in the meridian and vnder the pole: ſo the 
lower ſight ſhall ſhew the altitude of the pole in the back fide 
of the Bow, | 
Thus the former guard coming to be in the meridian vn- 
der the pole, if you obſerue and find the lower ſight to ſtay 
at go gr. ſuch is the eleuation of the pole, and the — of 
the 2 to the Northward. For the diſtance betweene the 
two ſights will ſhew the altitude to be 35 gr. 45 mv. & the ſtar 
is 14 fr. 15 mw. diſtant from the North — . Theſe two doe 
e vpsogr.for the eleuation of the North pole, and there- 
fore ſuch is the North latitude. 


7 To find any South latitude ſy knowing either the day 
of the moneth,or the declination of the Sunne. 


When you are come into South latitude,turne both your 
ſighes — backſide of the Bow: the vpper Abe to the de- 
clination of the Sun, or the day of the moneth at the South 
end, and the lower ſight toward the North end of the Bow, 
Then the Sunne.coming to the meridian, turne your face to 
the North, and holding the South end of the Bow vpward, 
obſerue the meridian — as before: ſo the lower ſight 
ſhall ſhe w che latitude of the place in the backe (ide of che 
Bow: .v e ot bw tt 5 pil TEE 7 

Thus being 1n/South latitude, — the tenth of May if 

u obſerue and finde the lower light to ſtay at 30gr. on the 
acke ſide of the Bow, ſuch is the Tatirude. For the declina- 
tion is 20 gr.Northward,the altitude of the Sunne berweene 
the two ſights 40 gr. the altitude of the equator 6o gr. and 


there- 


* 
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in finding the latitude, * 
therefore the latitude 30 fr. 


8 To find any South latitude, by the meridian altitude 
of the ſtarres to the North ward. 


Let the vpper light be ſer to the ſtarre which you intend 
to obſerue, here placed on the backe (ide of the Bow, Then 
hold the South end of the Bow ypward , and turning your 
face to the North, obſerue the meridian altitude as betore : 
ſo the lower light ſhall ſhew the latitude of the place in the 
back ſide of the Bow. 

Thus being in South latirude,and the former guard com- 
ming to be in the meridian ouer the pole. If you obſerue 
and finde the lower fight to ſtay at 5 gr. ſuch is the latitude. 
For this ſtarre is 14. gr.15 mv. from the North pole, the alti- 
rude of the ſtarre berweene the two lights 9 gr.15 . the 
North pole * 5 gr- and therefore the latitude ; gr. to 
the Southwar 


9 Toobſerne the altitude of the Sunne backward. 


Ser the vpper ſight either to 60,0r 0, or $0 gy. as you ſhall 
find it to be moſt conuenient, the lower fight on any place 
berweene the middle and the other end of the Bow, and 
haue an horizontall ſight to be ſer to the center. Then may 
you turne y ur backe to the Sunne, and the back of the Bow 
toward your ſelfe, looking by the lower ſight through the 
horizontall ſight, and mouing the lower ſight vp & downe, 
vntill che vpper 1 caſt a ſhadow vpon the middle of 

ſight 


the horizontall : ſo the * contained betweene 
the two fights on the Bow, giue the altitude requi- 
red. b | 


ab:? .fl | | 
Thus if the ypper (ſight ſhall be at 80 gr. and the lower 
ſight at 5ogr- the altitude required is 30 gy. as in the third 
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10 To find any North latitude by a backe ebſeruation 
— either the dey of the meneth, os © 
the declination of the Sunne. 


\When you obſerue in North latitude, place your three 
ſights on the foreſide of the Bow: the vpper ſight to the de- 
clination ofthe Sun, or the day of the moneth, at the North 
end; the lower ſight toward the South end of the Bow; and 
the horizontall ſight to the center. Then the Sunne coming 
to the meridian, turne your face to the North, & holding the 
North end of the Bow vpward, the South end downe ward, 
with the back of it toward your ſelſe, obſerue the ſhadow of 
che vpper light as in the former Prop. ſo the lower ſight ſhall 
ſhewthe latitude of the place in the fore fide of the Bow, 

Thus being in North latitude vpon the ninth of Octo- 
ber, if you obſerue and find the lower ſight to {tay at 50 gr. 
on the fore ſide of the Bow, ſuch is the latitude. For the Te 
clination is 10 gr.Southward, and the altitude of the Sunne 
betweene the wo lights 30 r. the altitude of the equator 
40 fr. and therefore the latitude 30 gr. as in the fourth Prop. 


11 Tofind any South latitude by a back o ſeruation, 
knowing either the day of the moneth,or 
the declination of the Sunne. 


When you obſerue in South latitude, place your three 
ſights on the backe ſide of the Bow : the — to the 
dectination of the Sunne, or the day of the moneth at the 
South end; the lower ſight toward the North end of the 

Bo and the horizontal — to the center. Then the Sun 
coming to the meridian, turne your face to the South, and 
holding the South end of the Bow vpward , with the backe 
of it toward your ſelfe, obſerue the ſhadow of the vpper ſight 
25 before: ſo the lower ſight ſhal ſhew the latitude of the place 
in the back (ide of the Bow. 


Thus being in the South latitude vpon thetenth of May, 
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The vſe of the Bow. $7 
i you obſerue and find the lower — to ſtay at 30 gr. on the 
backe of the Bow, ſuch is the altitude. For the declination 
is 20 fr. Northward, the altitude of the Sunne berweene the 
two lights 40 gr. the altitude of the equator 60 gr. and there- 
fore the latitude 30 gr. as in the ſeuenth Prey. 


12 To find the day of the moueth, ly knowing the latitude 
of the place and obſeruing emeridus al. 
titade of the Sunne. 


Place your three ſights according to your latitude;the ho- 
rizoncall ſight to the center, the lower ſight to the latitu de, 
and the vpper ſight: among the moneths. Then when the 
Sunne cometh to the — cbitnde the altitude, looking 


by the lower ſight through the horizontall, and keeping the 
lower ſight ſtill at the latitude, but mouin you vpper er 


vntil it giue —— the middle of the horizontal fight: 
ſo the vpper ſight ſhall ſhew the day of che moneth requi- 


red. 
Thus in our latitude if you ſet the lower ſight to 31 fr. 30 


w. and obſeruing finde the altitude of the Sunne betweenne 


that and the vpper ſight to be 28 fr. 30 m. this vpper ſight 

will fall vpon the ninth of October, and the twelfth of Fe- 

bruarie. And if yet you doubt which of them two is the day, 
you may expect another meridian altitude; and chen if you 

find the ypper fight vpon the tenth of October, and the ele- 

uenth of Februarie, the queſtion will be ſoone reſolued. 


13 Te find the derlination off any unt lone ſtarre, and 


ſo to place it onthe Bow, by knowing the lauituar 
of the place, and obſeruing the Meridian 
altitude of the Starre. 


When you find a ſtarre in the Meridian that is fic for ob- 
ſeruation. Set the center of the Bow to your eye, the lower 
ſight ro the latitude, and moue the vpper light vp or downe 

3 and the ſtarte 


by 


vntill you ſee che horizon by the lower ſig 
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88 The wſe of the Bow. 
by the vpper light, then will the ypper ſight ſtay at the decli. 
nation aud place of the ſtatre. 

Thus being in 20 gr. of North latitude, if you obſerue and 
find the mer:dian = of —ç head of the Croſiet to be 
1427.50 m. The will ſtay at 34 gr. 30 . and there 
— youplace this Kane or by this obſeruatis the diſtance of 
this itarte from the South pole ſhould be 34 gr. 50 *. and the 
declination from the equator 55 gr-10 wv. And io for the reſt, 

The ſtatres which | mentioned before, do come to the we- 
xidian in this order, after thefirſt point of «Fries. 


He, Ms. . He, M6, 
12 5 2 
1 44 Iz 37 
2 58 13 7 
4 15 Is 9 
4 49 13 3 
_— Wn 3 
EY 14 $3 
WM , 11 19 
= IF 35 
$ 35 — 3 
29 1 
7 io Is 33 
7 30 30 29 
7 22 22 36 
13 


The end of the ſecond Books. J 
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HE THIRD B K B. 
Of the vſe of the lines of Numbers, Sines and 
Tangents for the drawing of Houre-lines 
on all ſorts of Planes, 

Here are ten ſeucrall ſorts of Planes, which take 

| their denomination fr6 thoſe great circles to which 

they are —＋ and may ſufficiently for our vſe 

be repreſented in this one fundamentall Diagram 

deſcribed before in the vſe of the Seſter, and be knowne 

by their horizontall and perpendicular lines, of ſuch as 

know the latitude of the place, and the circles of the 
ſphere. 

1 An horizontall plane parallell to the horizon, here re- 
preſented by the out ward circle E S. 

2 A vercicall plane parallell to the prime verticall circle 
which palleth through the zenith and the points of Eaſt and 
Weſt in the horizon, and is right to the horizon and the 
meridian; that is, maketh right angles wich chem both. This 
is repreſented by E Z W. 

A polar plane parallell to the circle of the houre of 6, 
which paſſeth through the pole and the points of Eaſt and 
Weſt, being right to the Equinoctiall and the Meridian, 
but inclining to the horizon, with an angle equall to the la- 
titude. This is here repreſented by E P W. 

4 An equinoctiall plane parallell to the Equinoctiall, 
which paſſeth through the points of Eaſt and Weſt, bein 
right to the Meridian, but inclining to the Horizon, wich 
an angle equall to the complement of the latitude. This is 
here repreſented by E AN. 

5 A verticall plane inclining to the horizon, parallell to 
any great circle, which palleth through the points of Eaſt 
and Weſt, being right to the meridian, but inclining to the 
hoxizon, and yet not paſſing through the pole, nor parallell 
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dining to the horizon, This is here repreſented by 4 G N. 
$ A verticalldeclining plan ell 
12 e, parall wr 


arcle, 
which paſſeth t zenith, being right to che horizon, 
but inclining to the meridian. This is repreſented by Z D. 

9 A polar declining plane, parallell to any great circle, 
which paſſeth through the pole, being right to the equi- 
noctiall, but inclining to the meridian. This is here repre- 
ſented by H 2. 

to Adeclining — — to any great cir- 
cle, which is right to none of the former circles, but decli- 
ning from the prime verticall, and inclining both to the ho- 
rizon and the meridian, and all the houre circles. This may 
be here repreſented either by BM D, or BF P, or I X B, 
or any ſuch great circle, which paſſeth neither through the 
South and North, nor Eaſt and Weſt points, nor through the 
zenith nor che pole. 

Each of theſe planes (except the horizontall)hath two fa- 
ces whereon houre · lines may be drawne; and ſo there are 19 
planes in all. The metidian plane hath one face to the Eaſt, 
and another to the Weſt: the other verticall planes haue one 
to the South, and another to the North, and the reſt one to 
the zenith, and another to the nadir: but what is ſaid of the 
one, may be vnderſtood of the other. 


To find the inclination of any Plaue. 


For the diſtinguiſhing of theſe Planes we may finde whe- 
ther they be horiontall, or verricall, or inclining to the ho- 
rizon, and how much they incline, either by the vſuall incli- 
natorie quadrant, or by fitting a thread and plummet vnto 
the Sefter. 

For let the Sober be opened to a right angle, the lines of 
Sines to an angle of 92 gr. the inward edges of the Setter to 
90 gr. and let a thread and plummet be hanged vpon a line 
parallell to the edges of one of the legs, fo that leg ſhall be 
verticall, and the other leg parallell to the horizon. 

If the plane ſeeme to be verticall (like the wall of an 
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right building) you may trie ic by holding the Seer, ſo that 
the thread may fall vpon his plummet line. For then if the 
verticall edge of the Setter ſhall lie cloſe to the plane, the 
plane is erect, and therefore ſaid to be vertically and if 
you draw a line by that edge of the Setter, it ſhall be 2 ver- 
ricall line. 

If the plane ſeeme to be leuell with the horizon, you may 
trie it by ſetting the horizoncall. leg of the Sector to the 
plane, and hol —— other leg vpright: for then if the 
thread ſhall fall on his plummet line, which way ſoeuer you 
turne the Sefor, it is an horizontall plane. 

If che one end of the plane be higher then the other, and 
yet not verticall, it is an inclining — and you may find 
the inclination in this maner. * 


& K SO a%S 


* 
* + Firſt hold the verticall leg of the Setor vpright,and turne 
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the hotizonrall le g about, vntill it lie cloſe with rhe plane, 
and the thread fall on his plamec line: ſo the line drawne by 
the edge of chat horiaontall leg, ſhall be an horizontall line. 

Suppoſe the plane to be B G D, and that B O were thus 
found to be the horixontall line vpon the plane; then may 
you croſſe the horizontall line at right angles with a per- 
pendicular C F: that done, if you ſet one of the legs of the 
Seftor vpon the perpendicular line C E, and make the other 
leg with a thread and plummet to become verticall, you ſhal 
haue the _ berwcene the verticall line andthe perpen- 
dicular on the Plane, as before in the vſe of the Sefor,pag. 50, 
and the complement of this angle is the inclination of the 
plane to the horizon, 


To find the declination ofa Plane. 


Thedeclination of a Plane is alwayes reckoned in the ho- 
rizon betweene the line of Eaſt and Weſt, and the horizon«- 
tall line vpon the Plane. As in the fundamentall Diagram, 
the prime verticall line (which is the line of Eaſt and Weſt) 
is E CW; if the horizoncall line of the plane propoſed ſhal be 
CD, the angle of declination is E C. 

Bur becauſe a Plane may decline diuers wayes, that we 
may the better diſtinguiſh them, we conſider three lines be- 
longing to euery Plane: the firſt is the horizontall line; the 
ſecond the perpendicular line, croſſing the horizontall at 
right angles ; the third the axis of the plane, ps — 
the horizontal line, and his perpendicular, and the plane it 
ſelfe at right angles. 

The perpen ſicular line doth help to find the inclination 
of the plane as before, the horizontall to finde the declina- 
tion, the axis to giue denomination vnto the plane. 


For example, in a verticall plane here repreſented by 


E ZW, the horizontal line is E CM, the fame with the line 
of Eaſt and Weſt, and therefore no declmationzthe — — 
dicular croſſing it, CZ the ſame with che verticall line, 
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drawne from the center tothe zenith, right vnto the hori- 
zon, and therefore no inclination. The axis of the plane is 
SCN, the ſame with the meridian line, drawne from the 
South to the North ,- and accordingly giues the denomina- 
tion to the plane. For the plane hauing two faces, and the 
axis two poles, & and N; the pole & falling directly into the 
South, doth cauſe that face to which ir is next to be called 
the South face z and the other pole at V, pointing into the 
North, doth giue the denomination to the other face, and 
make it to be called the North face of this plane. 

In like maner in the declining inclining plane here re- 
preſented by B FD, the horizontall line 1s B CD, which 
crollerh the prime verticall line E C, and therefore it is 
called a declining plane, according to the angle of declina- 
tion E CB or W CD. The perpendicular to this horizon- 
tall line is C F,where the point ? falleth in the plane 2 H 
perpendicular to the plane propoſed, betweene the zenich 
and the North part of the horizon, and therefore it is called 
a plane inclin ing to the North ward, according to the arke 
F., or the ang e FC. The axis of the plane is here re- 

lented by the line C X, xhere the pole K is go gr. diſtant 
— the plane, and ſo is as much aboue the horizon at H, 
and the ather pole as much below the horizon at Q, as the 
plane at F is diſtant from the zenith: and this pole K here 
falling berweene the meridian and the prime verticall circle 
into the Southweſt part of the world, this vpper face of the 
plane is therefore called the Southweſt face, and the lower 
the Northeaſt face of the plane. 

The declination from the prime verticall may be found 
by the needle in the vſuall inclinatorie Quadrant, or rather 
by comparing the horizontall line drawne vpon the plane 
with the azimuch of the Sunne and the meridian line, in 
ſuch ſort as before we found the variation of the magneticall 
needle, For take any boord that hath one fide ſtrait, and 
draw the line H O parallell to that ſide, and the line Z A 

dicular vnto it, and on the center Z make a ſemicircle 


M O: this done, hold the boord to j plane, ſo as H O may 
be 
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be parallel to ; D the horizontall line on the plane and the 
boord parallell to the horizon; then the Sunne ſhining vp- 
on it, hold out a thread and plummet, ſo as the thread bein 
verticall, the ſhadow of the Sunne may fall on the center 25 
and draw the line of ſhadow AZ repreſenting the common 
ſection, which the azimurh of the Sunne makes with the 

lane of the horizon, and let another take the altitude of the 
— at the ſame inſtant: ſo by reſoluing a triangle, as 1 
ſhewed before pag. 65. you may find what azimuth the Sun 
was in when he gaue ſhadow vpon AZ, 

Suppoſe the azimuth to be (as before pag. 64.) 72 fr. 32 1. 
from the North to the Weſtward , and theretore 17 gr. 8 w. 
from the Weſt,we may allow theſe 17 gr, 8 . from A vnto 
V, and draw the line Z Vand ſo we haue the true Weſt point 
of the prime verticall line: then allowing go gr hom / vn- 
to S, we haue the South point of the meridian line E S, 
and the angle H Z Vi ſhall giue the declmation of the plane 
from the verticall, aud the angle OZ the declination of the 
plane from the meridian. 

Or we may take out onely the angle A Z H, which the 
line of ſhadow makes with the horizontall line of the plane, 
and it with the angle A Z Y, which the line of ſha- 
dow makes with the prime verticall. And ſo here if AZ V 
the Sunnes azimuth ſhall be 15 gr. 8 . paſt the Welt, and 
yet the line of ſhadow AZ y gr.12 m.ſhort of the plane, the 
declination of the plane ſhall be 24 gr.20 . as may appeare 
by the fire of the plane and the circles. 

If the altitude of the Sunne be taken at ſuch time as the 
ſhadow of the thread falleth on B D or H O, and then a tri- 
angle reſolued, the declination of the plane will be ſuch as 
the azimuth of the Sunne from the prime verticall. 

If at ſuch a time as che ſhadow falleth on M Z, the decli- 
nation will be ſuch as the aziumuch of the Sunne from the 
meridian. 

If it be a faire Summers day you may fir{t finde what alti- 
tude the Sunne will haue when he cometh to be due Eaſt or 
Welland cha rr 
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96 To find the declination of a Plane. 
declination of the plane ſhall be ſuch as the angle contained 
berweene the line H O and the line of the ſh . 


Hauing diſtinguiſhed the Planes, the next care will be 
for the placing of the ſtyle and the drawing of che houre- 
lines. l 


The ſtyle will be as the axis of the world, ſometimes pa- 
rallell to the plane, ſometimes perpendicular, ſometimes cut 
the plane with oblique angles. 

The houre- lines will be either parallell one to the other, 
or meete in a center with equall angles, or meete with vn- 
equall angles. If the ſtyle be perpendicular to the plane, the 

les at the center will be equall; and this falls out onely 
in the South and North face of an equinoctiall plane: if the 
ſtyle be parallell to the plane, the houre · lines wil be allo pa- 
rallell one to another; and this falls out in all polar planes; 
as in the Eaſt and Weſt meridian planes parallel to the circle 
of the houre of 12, in the vpper and lower direct polars pa- 
tallell to the circles of the houre of 6, and in the vpper and 
lower declining polars which are parallell to any of the other 
houre circles. 

But in the horizontall and all other planes, the ſtyle will 
cut the plane with an acute angle, and the houre lines will 
meet at the root of the dle and chere make vnequall angles. 


CHAP. I. 


Todraw the houre-lines in ax equi- 
noctiall Plane. 


AN equinoctiall plane is that which is parallell co y equi- 
noctiall circle here repreſented by EA W, wherein the 
ſpaces betweene the houre circles being equall, there is no 
need of — but onely to draw a circle and to di- 
uide it into 24 equall parts for the 24 houres, and ſabdi- 


uide each houre into halues and quarters, and then to ſet vp 
; the 
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The deſeription of an cquinoTiall Plane, 


the ſtyle perpendicular to the plane in the center of the cir- 
cle. The help which theſe lines of proportion doe here af- 
foord vs, is onely in the diuiſion of the circle, which may 
be done readily by that which I ſhewed before, Pag. 29. 

For example, ſu the ſemidiameter of the equino- 
Aiall circle to be fix inches, and that it were required to 
know the diſtance of the houre- points each from other: 
here each houre — 15 gr. diſtant from other, I extend 
the compaſſes from the ſine of 30 gr. vnto the fine of 7 gr. 


30 w. the halfe of 15 gr. and I find the {ame extent to reach 
in the line of numbers from 6.00 vnto 1.56. 

Or in croſſe worke I extend them from the ſine of 30 gr, 
vnto 6.00 in the line of numbers, the ſame extent will reach 
from the ſine of 7 gr. 30 w.vorto 1,56 in the line of numbers; 
which ſhewes that in a circle of fix inches —— the 
| n ance 
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The deſcription of à polar Plane. 
diſtance of the houre · points each from other 
will be about 1 inch and 56 centeſmes or parts 
of 100. The like reaſon holds for the inſcribing 
of all other chords in the Pr. following. 


CHAP. II. 


To draw the houre-lines in a direct 


polar plane. 


Direct polar plane is that which is parallel! 
A to the houre of 6, here repreſented by 
E PW, wherein the ſtyle will be parallel! to the 
plane, and the houre- lines parallell one to the 
other, and therefore may b beſt drawne by that 
which ] haue ſhewed in the vic of the Fetter. 
They may be alſo drawne by the helpe of theſe 
lines of proportion, in this maner. 

Firſt draw a tight line YZ for the horizon 
andthe equator, and croſſe it at the point C, a- 
bout. the middle of the line with C another 
right line, which may ſerue for the meridian and 
the houre of 12, and muſt alſo be the ſubſty lar 
line wherein the ſtyle ſhall ſtand, Then, to pro- 

rtion the ſtyle vnto the plane, conſider the 
— of the horixontall line, and what houre- 
lines you would haue to fall on your plane, 

For the diſtance of any one = darn from 
the meridian being knowne, we may finde both 
the length of the ſtyle and the diſtance of the 
reſt : becauſe 
As the tangent of the houre giuen, 

is to the diflance from the — 


So the tangent of 45 fr. 
to — of — ſtyle. 


Suppoſe 
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Suppoſe the length of the horizontall line to be 12 in- 
ches, and that it were required to put on all the houre-lines 
from 7 in the morning vnto; in & euening. Here we haue 
5 houresand6 inches on either ſide the meridian , Where- 
fore I allow 15 gr.foran houre, and extending the compaſſes 
the compalles from the tangent of 75 gr. the meaſure of 5 
houres vnto the tangent of 45 gr. I find the ſame extent to 
reach in the line of numbers from 6.00 to about 1.61. This 
ſhewes both the height of the ſtyle, and the diſtance of the 
houre-points of 9 & 3 fr6 the meridian to be t inch, 61 parts. 


To find the length of the Tangent betweene the 
ſubſtylar and the houre. points. 


As the tangent of 45 gr. 
to the tangent of the houre: 
So the height of the ſtyle 
to the length of che tangent line betweene the ſub- 
lar and the houre · points. 

Thus hauing found the length of the ſtyle in our exam- 
ple to be 1.61, if { exend the compalles from the tangent of 
45 fr. vnto the tangent of 15 gr. the meaſure of the firſt houre 
from the ſubſtylar, I ſhall find the ſame extent to reach in the 
line of numbers from 1.61 vnto 0.43 for the length of the 

n 2 tan- 
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100 The deſcription of « polar Plane. = 
tangent berweene the ſubſtylar and the houre-poines of 11 
and 1. If I extend them from the tangent of 45 fr. vnto the 
tangent of 75 gr. the meaſure of the fift houre, ſhall finde 


them to reach iniche line of numbers = 
from 1.61 vnto 6.00 for the length of 5 e 
o % © 


the tangent from the ſubſtylar to the 2 - 

houre-points of 7 and 3. For howſoeuer | 15 do 
it be the ſamediſtaace in the line of tan- 0, 43 oo on 
gents from 45 vnto 75, 28 from 45 vato | 9.340 hh 
15; yet becauſe 75 are more, and ty leſſe 14 ds 29 
then 45, the tangent lines that anſwer | 7. cnc oS © 
to them wil be accordingly more orlelle | 5. 6 2 X 
then the length of the ſtyle. — — 
youu vnto 


Againe, if I extend them from 45 gr. in the tan 
30gr.the meaſure of the ſecond houre, I ſhall finde them to 
reach in the line of numbers from 1.61 vnto 0.93 for the 
houre of 10 and 2: if I extend them trom the tangent of 
gr. vnto the tangent of 60 gr. for the fourth houre, I ſhal find 
them to reach in the line ot numbers from 1.61 vnto 2 79, 
and ſuch is the length of the tangent line from the ſubſtylat 
vnto the houre of 8 and 4. Andehe like reaſon holdeth for 
the inſcribing of all ochercangear lines in the propoſitions 
following, 

But for ſuch tangents as fall ynder 45 gr. I may better vſe 
crolſe worke, and extend the competlestrom the tangent of 
45 gr. vnto 1.61 in the line of numbers, ſoſhall I finde the 
ſame extent to reach from 3o gr. in the tangents, to 93 parts 
in the line of numbers, for the diſtance of the ſecond houre, 
and ſrom 15 gr. in the tangents to 43 parts for the diſtance 
of the firſt houre from the meridian, 

Or it this extent from 45 gr, backward to 2:61 be too large 
for the compalles, I may extend forward from the rangent of 
5 £74.43 . to 1.61 parts in the line of numbers, and the fame 
extent ſhall reach from x5 gr. in the rangents, to 43 parts in 
the line of numbers, for the diſtance of the firſt houre; and 


from zo gr. to 93 parts, for the diſtance of the ſecond houre, 
as before, 


Hauing | 
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Haning found the length of the tangent lines in inches 
and parts of inches, and prickedthem in the equator on 
both ſides of the meridian, from the center C; if wee draw 
right lines through each of thoſe points, croſſing the equa- 
tor at right angles, they ſhall be the houre · lines required; 
and if we ſet a ſtyle ouer the meridian, fo as the edge of it 
be parallell to the plane, aud the height of it be as much a- 


boue the meridian as the diſtance be- 
tween the meridian and che houre-points 
of 3 or 9, it ſhall repreſent the axis of the 
world,and be cruly placed for che caſting 
of the ſhadow vpon the hourc-lines in a 


polar plane. 
CHAP, 111. 


To dra the houre-lines in a 
meridian plane. 


Meridian plane is that which is pa- 
rallell to the meridian circle here re- 
preſented by SZ Nyit hath two faces, one 
to the Eaſt; and the other to che Weſt; in 
cach of them rhe ſtyle will be parallel l co 
the plane, and the houre-lnes parallel! 
one rixthe other, as in a polar plane, tlie 


difference being onely in the placnig of 


the equator & in numbring ot the hour s 

For in theſe Meridian planes hauing 
drawn an occult vertical ine CZ, aud an 
occult hora ontall line C N, croſling one 
the other at right angles in the point C 
che equator A C wil cur the verticall with 
an angle Z CA, equall to the latitude of 
the place: then may we croſſe the equa- 


tor at right angles with the line C tor 


the houre of 6, and ſtom this ſer off the 
n 3 hourc- 
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houre-points in the equator as in the former Prop. 

For ſuppoling the length of the ſtyle C I to be ten in- 
ches, the hed of the tangent line belonging to the firſt 
houre wil be 2 1. 68 p. the length of the ſecond 5 in. 77p. as 
in the Table. Then the tangent of 15 gr. being prickt downe 
in the equator on both ſides from 6 (hal ſerue for the houres 
of 5 and 7, and the tangent of 30 ęr. for the houres of q and 8, 
and ſo in che reſt. This done, if we draw right lines through 
each of theſe points, croſſing the equator at right angles, they 
ſhall be the houre · lines required: and if we feta ſtyle ouer 
the houre of 6, ſo as the edge of it may be parallell to the 
plane, and the height of it may be equall to the diſtance be- 
tweene the houres of 6 and g in the equator, it ſhall repreſent 
the axis of the world, and be truly placed for the caſting of 
the ſhadow vpon the houre-lines in a meridian us 1 

AP. 
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CHAP, IIII. 


To draw the houre-lines in an horizontall plane. 


A horizontall plane is that which is 
parallell to the horizon, here repre- 
ſented by the out ward circle E SWN, in 
which the diameter & N drawne from the 
South to the North, may go both for the 
meridian line and the meridian circle, Z 
for the zenith,P for the pole of the world, 
and the circles drawne through P for the 
houre-circles of 1.2. 3. 4. &c. as they are nii- 
bred from the meridian. Theſe houre · cir- 
cles conſidered with the meridian & the 
horizon, do make diners triangles, PN 1, 
PN 2, PN z, in which we haue knowne 
firſt che rigs angle at N, the North inter- 
ſection of the meridian and the horizon; 
ſecondly the ſide PM, the arke of the me- 
ridian between the pole and the horizon, 
which is alwayes equall to the latitude of 
the place; chirdly the angles at the pole, 
made by the meridian and the houre- 
circles, the angle NP 1 being 15 gr.N P2 
30 gr. each houre 15 gr. more then other, 
each halte houre 7 gr.30mm. each quarter 
3.27.45 m. And theſe three being known, 
we may finde the arks of the horizon be- 
tween. the meridian and the houre-cir- 
cles N, 2, N 3,&c, For 
As the line of go gr. 
is to the ſine of the latitude: 
So the cangent of the houre 
ro the tangent of the houre-line 


from the meridian, 
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Extend the compaſſes from the ſine of go gr.to the fine of 
the latitude, ſo the ſame extent ſhall reach from the tangent 
of the houre,to the tangent of the houre-line from the me- 
ridian. Thus the latitude being 51 fr. 30 . I extend the com- 
palles from the ſine of go gr. to the fine of 51 gr. 30 . & find 
the ſame extent to reach from the tangent of 3 gr. 45 w. vnto 
the tangent of 2 gr. 5 m. for the diſtance of che 2 quarter 
from the meridian; and from the tangent of 7 gr. 30 n. vnto 
che tangent of 5 gr. 52 m. ſor the halfe houre; and from the 
tang ent of 11 fr. 15 mw. to the tangent of 8 gr. 31 wv. for the 
third quarterzand from the tangent of 15 gr. o w.vnto 11 gr, 
30 m. for the firſt houre: and ſo in the reſt. 

Only when I come to ſet one foote of the compaſſes to 


48 rr. 
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VIII 


5 


= 
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4827-45 w.for the finding of a quarter paſt 3, the other foote 
will fall out of the line, and then I may either take our ſo 
much as is out of the line beyond 45 gr. and turne it backe 
into the line, and it will reach from 45 gr. to 41 gr. 4s ms: or I 
may vſe croſſe worke, extending the compaſſes from the ſine 
of go gr. to the tangent of 48 gr. 45 w. ſo the ſame extent wil 
reach from the ſine of 31 fr. 30 . to the tangent of 41 fr. 
45 . And ſuch is the diſtance of the line of 3 ho.; from the 
meridian, as in this table of the Arks of the plane. 

This done, I come to the Plane, and there according as 
the lines do ſall in the ſundamentall diagram, 

1 I draw a tight line & & ſeruing for the meridian , the 

0 


haure 
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houre of 12 and che ſubſtylar. 


2 In this meridian I make choice of a center at C, and 
there deſcribe an occult circle repreſenting the horizon. 

I find a chord of rr gr. 0 and inſer be it into this 
circle on either {ide ofthe meridian forthe houres of ii & 1; 
in like mar cr a chord of 24 gr.20 m. or the houres of 10 and 
2; and a chord of 38 er.3 n. or the houres of y and zz and fo 
for the reſt of the houreg,rheirbalues and quarters. 

4 I draw right lines through the cenccr and che rermes 
of theſe chords, and theſe lines ſo drawne are the houre- lines 
r uired, 

aſtly I ſer yp the ſtyle ouer rhe meridian, ſo as it may cut 
the plane in the center, and chere make an angle with the 
meridian equall to the latitude of tlie place, fo it ſhall repre- 
ſent the axis of the world, and be truly placed for caſting of N 
the ſhadow vpon the houre-lines in an horizontall plane. N 


CHAP. V. 
To draw the houre- lines in a vertical plane. 


us ww A 


Co aw --... 


— 


222 — 


r plane is that which is parallel to the prime ver- y 
ticall circle here repreſ-nted by E ZW. Ic hath two fa- 

ces, onc to the North, the other to the Souch;in each of chem 
the ſubſtylar will be the ſame with the meridian line, and 
the angle of the ſtyle aboue the plane will be equall to Z P 
the complement of the latitude. 

The triangles here conſidered are made by the verticall, 
the meridian, and the houre- circles, in which we know the 
ſide E P, the angles at the pole, and che tight angle at the ze- 
nich, and therefore may find the arks of the verticall, between 
the meridian and the — circles after this maner: 

As the ſine of go gr. 
is to the coſine of the latitude: 
So the tangent of the houre 


to the tangent of the houre · line from the meri- 
dian. 


Extend ch 
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Extend the compalles from the ſine of 90 gr. to the (ine 
of the complement ot the latitude, fo the ſame extent ſhall 
reach from che tangent of the houre, to the tangent of the 
houre-line from the meridian. 

Thus in the latitude ol g1 gr 30 , extend che compaſſes 
from the ſine — — the ling cf 38 gr. 30 . and ſind the 
ſame extent ta reach from the tangent of 1 gr. to the tan- 
gent of g gr. a8 for the diſtance of the brit houre from the 
meridian: and trom the tangent of gr. vnto the tangent of 
66 gr. 42 m. lor the fift houre: and ſo in thereſt as in the Ta- 
le following. 


VI 
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Theſe arks being knowne, I may come to the plane, and 


there by help of a thread and plummet craw a verticall line 
O 2 ſeruing 
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ſeruing both for the meridian and the houre of 12, and the 


ſubſty 


then may I draw an occult verticall circle, and 


there in inſcribe the chords of thoſe former arks, and draw 
the houre· lines, and ſer vp the ſtyle, as be- 
TjAog.PoArc.Pla 


fore in the horizontall plane. 

If it be the South face of the plane, the 
center will be ypward,and the ſtyle muſt 
point downward z if the North face, 
the center muſt be in the lower part of 
the meridian line, and the ſtyle- point 
ward in all ſuch places as are to the North- 
ward of the equinoctiall line, as it may ap- 
peare by conſidering how the lines do fall 

in che fundamentall Diagram. 


CHAP. VI. 


To draw the bqure-lines in a ver- 
ticall inclining plane. 


Ll thoſe Planes that haue their hori- 
zontall line lying Eaſt and Weſt, are 
in that reſpect ſaid to be verticallʒ if they 
be alſo vpright and paſſe through the ze- 
nith, they are direct verticals; if they in- 
cline to the pole-they are direct polars: if 
to the equinoctiall, they are properly cal- 
led equinoctiall planes, and are deſcribed 
before: if to none of theſe three points, 
they are then called by the generall name 
of inclining verticals, 
Theſe may incline either ro the North 
of the horizon, or to the South and 
each of them hath two faces, one to the 


| 
l 


E St. M. Gt. M. 


Iz 


nA 


Q 


, 


zenich,che other to the nadir,in which we are firſt to cofider 


che height of the pole aboue the plane, by comparing the 
| incli- 
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inelination of the plane to the horizon, with the latitude of 
the place. 

As in our latitude of 31 gr. 30 m.if the inclination of the 
plane EI. ſhall be 13 gr.Northward, that is, if 1 N the ark 
of the meridian between the plane and the North part of the 
horizon ſhall be 13 gr. we may take theſe 13 gr. out of PN 
51 gr.30 the cleuation of the pole aboue 5 horizon,and 
there wil remain P/ 38 gr.zom.tor the eleuatis of the North 
pole aboue the vpper face of the plane, and therefore 38 gr. 
30 *. for the height of the South pole aboue the lower 
of che plane. | 

Or it the inclination of the plane ſhall be found to be 62 

.to the Southward, we may number them in the meridian 

om $ the Southpart of the horizon vnto L, and there draw 
the arke EL repreſenting this planezſo the arke of the me- 
ridian PL ſhall giue the height of the North pole aboue the 
vpper face of this plane to be 66 gr. 30 w. and therefore the 
_ of the South pole aboue che lower face of the plane 
is alſo 66 gr. 30 m. 

In like maner if the inclination of the plane E TW ſhall be 
15 gr. Southward, that is, if S I the arke of the meridian be- 
tween the South part of the horizon and the plane, ſhall be 
15 gr. The height of the North pole aboue the vpper face of 
the plane, and che height of the South pole aboue the lower 
face of the — will be alſo found to be 66 gr. 30 m. 5 

But if che plane ſhall fall berweene the zenith and the 
North pole, then will the North pole be eleuated aboue the 
lower face, and the South pole aboue the vpward face of the 
— may appeare by the proiection of the ſphere in the 

ndamentall Diagram. 

Then in the triangles made by the plane, the meridian, 
and the houre- circles, we haue the fide which is the height 
of the pole aboue the plane, together with the angles at the 
pole, and the tight angle at the interſection of the meridian 
with the — which we may find the arks ot the plane 
betweene the meridian and the houre- circles, after this ma- 
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As the line of go gr. 
is tothe ſine ot the pole aboue the plane: 
So the tangent of the houre 
to the tangent ot the houre- line from the meridian. 


Thus in the former example, where PI the height of the 
pole aboue the plane was fe und to be 38 ęr. 30 m. iſ you ſhall 
extend the com paſſes from the (ine of go gy. co che line of 38 
£7.30 m. the ſame extent wil roach from the cangent oi 15 gr, 
vnto the tangent of 9 gr. 28m. tor the diſtance of the firlt 
houre from the meridian, and trom 30gr.vnto 19 gr. 46 . 
for the ſecond houre,and ſo forward as in the ditect vertical. 

And for the two laſt examples, you may extend the com- 
palles from the fine of go gr. vnto the ſine ot 66 gr. 30 w: fo 
the ſame extent ſnal reach in the line of tangents froni 15 gre 
vnto 13 £7.48 m. ſor the {rit houre, trom 75 fr. vnto 73 gr. 
43 n. for che fitc houre, from 30 gr. vnto 27 gr.54 w. for the 

econd houre, from 60 gr. vnto 57 gr. 48 m. tor the fourth 
houre, and from 45 gr. vuco 42 gr. 3 1 wn lor the third houre 
from the meridian. 

Theſe arks being knowne, you may frſt draw the hori- 
zontall line, and croſle it in the middle with a perpendicular 
that may ſerue both for the meridian and the houre of 12, 
and the ſubſtylar; then knowing which pole is eleuated a= 
boue the plane, you may accordingly make choice of a fit 
point in the meridian forthe center ot your houre: lines, and 
thence deſcribe an occult arke of a circle, inſcribe the chords 
of thoſe former arks,and draw the houre lines, and ſer vp the 
ſtyle, as I ſhewed before in the horizonrall plane. 


CHAP. VII. 
Todraw the houre- lines in an verticall 


declining Plane. 
A? vpright planes whercon a man may draw a verticall 


line, are in this reſpect ſaid to be vertical; it they ſhall 
8 | allo 


a @ ac SHK&4 << a< I 
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alſo tan directly Ext and WR, hey are dire verticals; if 
directly North and South, tney are properly called meridian 

lanes, and are deſeribed ogfore: it they behold none of theſe 
— principall partes of the wort, but ſhall ſtand between 
the prima verticall aud che meridian, they are then called by 
the general name of declining vertical. 

Thete hagge two ces, oue tothe Sourh, the other to the 
North ward, which my be diſtinguiſhed in theſe Northerne 
parts of che world after this maner, It the Sunne coming to 
the meridian ſhall hine vpon che plane, it is the South face 
it not, it is the North face of that plane. Againe, if the Sunne 
ſhall ſhin< vpon the plane at high noone, and yer longer in 
the forenoone theu in the aſternoon, it is che — 
if longer in the afternoone then in the forenoone, it is the 
South weſt tace of the plane. Bur how much che declination 
comerh to, is beſt found asbefore. 

When the declination is found, there be foure things 
more to be conſidered before we can come to the drawing 
of the houte- lines, and all foure repreſented in the funda» 
mental! Diagram. 


1 The meridian of the plane and his inclination 
to the meridian of the place, 


Let the arke EZ revreſent the prime verticall; and 
B Z 0 a declining vertical, according to ghe artgle of decli- 
na ion EZ A, the meridian of the place is repreſented by 
PZ S, erolſing the yeracall EE W art right angles at the ze- 
nich in the point Z: bur the proper meridian of the plane 
wil be PR, which is a perpendicular let downe from the pole 
vnto the declining verticall, and croſſing it wich right angles 
in the point R, fo the angle RP Z ſhall ſhew the inclina- 
tion ot the two meridi ins and may thus be found. 

In the triangle P R Z we know the angle at R to be a 
right angle, and the angle at E, for it is the complement of 
the decli nation, and the bale PZ, for it is the camplement of 
the latitude. And therefore 
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As the ſine of the latitude 4 
is to the ſine of gor. dec 
So the tangent of the declination hou 
to the tangent of the inclination required. - el 
the 
2 The height of the ſtyle aboue the lane. 2 
clin; 
This is here ented by the perpendicular arke f R, dian 
and may be found by that which we haue knowne in the for- find 
mer triangle & Z. For how 


As 
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As the ſine of go r. 

to the coſine oh che latitude: 
go the coſine of the declination 

to the ſine of the height ofthe ſtyle. 


Or if you pleaſe to make vſe, of the angle of the inclina- 
tion of the two meridians, the proportion will hold. 
As the line of 0 
to the coſine of the inclination of meridians: 
So the cotangent of the latitude | 
to the tangent of the height of the ſtyle. 


3 Thediſtance of the ſubftylar from the meridian. 


This is here repreſented by the arke Z &, and may be found 
by that which we haue knowne in the former triangle PRZ. 
As the line of gogr. 9 
to the ſine of the declination: 


So the cotangent of the latitude 
to the tangent of the ſubſty lar from the meridian. 


4 The diſtance of each howre-line from the ſub ſtyler. 


The diſtances of che houre-lines from the ſubſtylar, are 
here repreſented by thoſe arks of the declining verricall be- 
longing to the plane, which are intercepred berweene the 
panes meridian of the plane and the houre-circles. 

o this purpoſe we haue diuers triangles made by the 
declining plane, together with his proper meridian and the 
houre · circles. In theſe we haue knowne,firſt the right angle 
at the interſection of the proper meridian with y planeʒthen 
the ſide which is the height of the pole aboue the planezand 
thirdly the angles at the pole. For knowing the angle of in- 
clination berweene the meridian of the plane andthe meri- 
dian of the place, which is alwayes the houre of 124, we may 
finde the angle berweene the meridian of che plane and the 
house of 2, by allowing in 15 gr. and the angle — 

p e 
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the meridian of the plane and the boure of 2, by allowing in 
30gr. and ſofor the reſt, which being knowne,we may find 
the arks of the plane from the ſubſtylar to the houre-circles, 
in this maner. 
As the fine of go 2 
to the fine of the height of the pole aboue the plane: 
So the tangent of the houre from the proper meridian, 
to the tangent of the houre · line from the ſubſtylar, 


Thus in our latitude of 31 gr. 30 m. if the declination of 
au vpright plane ſhall be found to be 24 gr.20 m. from the 
ime verticall, the one face open to the Southweſt, the o- 
ther tothe Northweſt , I may number theſe 24 gr. 20 m. in 
the horizon of the fundamenrall Diagram, from E vnto B, 
according to the ſituation of the plane, and there draw the 
verticall BZ D, which ſhall ans na the plane propoſed. 
Then talgpg the compaſſes into my hand, 

x I may tend them from the ſine of the latitude 31 70 
30 m. vnto the ſine of go gr. the ſame extent will reach in the 
line of tangents from 24 fr. 20 m. the declination giuen, to 
about 30 gr. and ſuch is Z P R the angle of inclination be- 
tween the meridiã of the place & the meridian of the plane; 
and therefore the meridian of the plane will here fall vpon 
the circle of the ſecond houre frõ the meridian of the place, 
(as it may alſo appeare by opening the compalles to the nea- 

extent, between the pole andrhe plane) and there I place 
the letter R to make this rectangle triangle P RZ. 

2 I extend the compallesfrom the ſine of ge gr. vnto the 
fine of 38 gr. 30 m. the complement of the — 4 „and the 
fame extent will reach from the ſine of 65 gr. 40 m. the com- 
plement of the declination, vnto the ſine of 34 gr. 33 m. 

— extend them from the ſine of go gr. vnto the ſine 
of 60 gr. the complement of the inclination of the meridi- 
ans, and the ſame extent wil reach from the tangent of 38 gr, 
30m. the — 4 —— vnto 1 e 72 of 
34 gr. 33 *. and ſuch is the arke PR, the height of the pole 
—5— mes dne neignt or tne po 
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3 I may extend the compaſſes from the (ine of 90 gr. n- 
to the line of 24. c. the declination giuen;and the fame 
extent will reach from the tangent of 38 gr.30 mw, the com- 
plement of the latitude, vnto the tangent of 18 gr.$ . and 
ſuch is the arke Z R, the diſtance of che ſubſtylar ſrom the 
meridian. 

4 That I may finde the diſtance of each houre-line from 
che ſubſtylar, I conſider the angle of inclination of the 
meridians RP Z, and there ſee how that P E the meridian of 
the place, vhich is the houre of 1 2, being 30 gr. diſtance from 
PR the meridian of the — and that one face of the plane 
being open to the Southweſt, and the other to the North- 
eaſt, this meridian of the plane falleth to be the ſame with 
rhe houre of 2, (otherwiſe with the houre of to:) therefore 
allowing 15 gr.tor an houre, the houre of 1, R PO willbe 1; 
gr. and R X the houre of 11, 45 gy. diſtant from PR the 
proper meridian of the plane:aud fo I gather * 
of the reſt of the houre-circles toward this meriWtan , accor- 
ding to their angles at the pole, as in this Table. 

Then taking my compaſſes in my hand, 


I extend them from the ſine of go gr. vn- | Ang. PoſAr.P 
to the line of 34 gr.33 m. the height of |2 Gr. Ac. N 
the pole aboue the plane, and finde them e 9 o 
to reach in the line of tangents from 18 - 75 965 42 
g. che inclination of the houre of t, to8 10 0 44 30 
38 m. for the arke of i, from the ſubſty- |, , 45 019 33 
— and from 30 gr. vnto 18 105 m.for the ½% o18 8 
houre of 12, agreeable to the third Prop. 8 


and from 45 fr. vnto 29 gr. 33 w. for the 
houre of _—_ ſo . which I 
alſo ſer downe in a Table, 
Theſe arks being thus found, wil ſerue 
for the drawing of the houre-lines, both 
on the Sourthweſtface, and the Northweſt a 
face of the plane, 
lane, 


For coming to the 
By read and plummet I draw a verticall 


p 3 line 


1 By the help of at 


116. The deſcription of a vertical declining Plane. 

line, ſeruing both for the meridian of the place and the 

houre of 12. 

2 In this meridian line I make choice of a center at C, in the 

vpper part of the line, if it be the South face, as here we ſup- 

— it, that the ſtyle may haue roome to point downward; 
ut in the lower part of the line, if it be the North face of the 

plane; for there the ſtyle muſt point vpward: and vpon this 

center I deſcribe an occult circle, repreſenting the 7 


verticall belonging to the plane. 
3 I finda chord of 18 gr. $ . the diſtance of the ſubſtylar 


from the meridian of the place, and inſcribe it into this cir- 


ix 


The deſcription of « vertical declining line. 117 


cle,from the meridian vnto A toward the right hand, be- 
cauſe in this example the meridian of the plane falls a- 
mong the houres + noone, (for otherwiſe it muſt haue 
been inſcribed toward the lett hand) and there I draw the 
line C A ſeruing for the ſubſylar, 

4 According to the Table of the arkes of the plane from 
the ſubſty lar, I nd a chord of $ gr. 38 m. and inſcribe it into 
this circle, trom the ſubſtylar toward the meridian, for the 
houre of 1. In like maner a chord of 29 gr. 23 m.for che houre 
of 11, and a chord of 44 gr. 30 m. for the houre of 10, and 
ſo tor the reſt of the houres, their halues and quar- 
ters. 

I draw right lines through the center and the termes 
of theſe chords, and theſe lines fo drawne are the houre- lines 
required. 

aſtly, I ſer vp the ſtyle ouer the ſubſtylar, ſo as it may cut 
the plane in the center, and there make an age with the 
ſubſtylar of 34 fr. 33 . according to the height of the pole 
aboue the plane; ſo it ſhall repreſent the axis of the world, 
and be truly placed for caſting of the ſhadow vpon the 
houre-lines 1n this declining plane. 


A ſecond example, 


After the like maner if in our latitude an vpright plane 
ſhall decline 85 gr. from the prime verticall, the one face of it 
being open to the Northweſt, and the other to the South- 
caſt, we may in ſome ſort repreſent it by the verticall 2ZH, 
and then working as before. = 

1 The angle Z P T, the inclination of the two meridians 
will be found to be 8s gr. 3 w. ſo that P T the meridian of 
this plane, will here fall between the houre· circles of 6 and 7 
from the meridian. 

2 The arke P che height of the pole aboue the plane 
will be onely 3 gr. 6 m. 

3 The 24 27 che diſtance of the ſubſtylar from the 
meridian 38 gr, 23 . * 1 
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4 The Table of the Ar. Pk/C F.C G 
angles at the pole will be | c. M. Gr. M la. Fara Par, 


alſo gathered, by compa- 86 558 2391 0879 21 
ring the meridian of the 78 35/15 330 92/26 8 
lane with the reſt of che 1171 59 6418 4216 02 
oure · circles. For the an- 3 35| 6 1312 5210 


le TPZ betweene PT 1056 5 4 36 9 25) 8 os 
the meridian of the plane, r 2 42 f 772 
PZ the meridian of the 8046 3 17 — 05 22 
—— Ages 12, 71 30 360 1 20/1 * 

ing 86 gr.5 w. allowing Merid Subſt o % of 
15 gr. for an houre, the 663 55|0 13) 0 40 28 
houre of 11; wil be 28 gr, | a * 151 x » 
35 w. and the houre of r1 AP — 2 34 18 3 6 
74 gr. 5.9. diſtant from 448 33 3 3307 13 6 28 
the meridian of the plane; i . 20 
& lo the reſt gf the houres, | 


as in the {8nd columne 


831 8227 67 
of this Table. i 128 5515 2 
Then hauing the height -. 2756 68 


of the pole aboue the | 

lane, and theſe angles at the pole ; the arkes of the plane, 
— the ſubſtylar and the houre · circles, will be found 
as in the third columne. p 

Theſe arks being found, will ſerue for the drawing of the 
houre-lines on either face of this plane. 

1 By the help of a thread and plummet I draw Z C aver- 
ticall plane, ſeruing both for the meridian of the place and 
the houre of 12. | 

2 In this meridian line I make choice of a center in the 
vpper part of the line, if it had been che Southerne face of 
the plane, but here in C the lower part of the line, becauſe 
we ſuppoſed it to be the Northweſt face of the plane, and the 
ſtyle muſt point ypward; and vpon this center I deſcribe an 
occult circle repreſenting the declining verticall belonging 
to this plane. 

3 I findeachordof 38 fr. a3 n. the diſtance of the ſub- 


ſtylar 


A 


7 
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ſtylar from the meridian of the place, and inſcribe it into 
this circle, from E in the meridian, vnto F toward the leſt 
hand, acording as the proper meridian P falls in the fun- 
damentall Diagram; and here I draw the line CT ſeruing 
for the ſubſtylar. 

The ſubſtylar being drawne, I may inſcribe the chords 
of To arks of the plane from the ſubſtylar, and draw the 
houre-lines, and ſer vp the ſtyle as in the former plane. 

Or the arks of the plane from the ſubſtylar being found 

as before, we may draw the houre-lines vpon the plane o- 

therwiſe then by chords. For hauing drawne the houre-lines 

asin the laſt figure, vpon paper or paiſt-boord, we ſhall _- 
the 
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the moſt part of them, in this and ſuch like planes that haue 

reater declination, to fall ſo cloſe together, that they can 
hardly be diſcerned: wherefore to dra them at large to the 
beſt aduantage of the plane, I leauc out the center, and draw 
them by tangents, as in the polar plane. 

x I conlider the length and bredth of the plane where- 
on I am to draw the houre- lines, which I ſuppoſe to be a 
ſquare, whoſe ſide is 36 inches, and find that the little ſquare 
ABD E wil contain both the ſubſtylar and all thoſe houre- 
lines which are required in the great ſquare AZ C 9. 

2 I draw two parallell lines FN, G Al, croſſing the ſub- 
ſty lar at right angles in che points F & G, ſo as they may beſt 
crolle all the houre - lines, and yet the one be diſtant from the 
other as far as the plane will giue me leaue and I find by the 
ſight of the figure that if FB the ſide of the leſſer ſquare 
ſhall be 36 inches,the line C F will be about 115 inches,and 
the line C G about 100 inches, and therefore FG 15 inches, 

Againe, that the point F will fall about 6 inches below the 
vpper horizonrtall fide A B, and about 12 inches from the 
next verticall ſide Dʒ for I need not here ſtand vpon parts. 

3 Becauſe theſe two parallell lines are tangent lines in 
teſpect of circles drawne vpon the ſemidiameters C F, CG, 

and ſuch tangents as belong ro the arkes of the plane, be- 
tweene the ſubſtylar and the houre-lines , the proportion 
will _— 
As the tangent of 45 gr. 
to the tan — arke of the plane: 
So the length of the ſemidiameter 
to the length of the tangent line. 

As for example, the arke of the plane betweene the ſub- 
ſty lar and the houre of 1, is 25 al m. in the former Table, 
the ſemidiameter C F 115 inches, and the ſemidiameter C G 
100 inches: wherefore I extend the compaſſes from the tan- 
gent of 45 gr. vnto the tangent of 15 gr.28w. the ſame ex- 
tent will reach from 215 in the line of numbers vnto 3 1,82, 
which ſhewes the length of the tangent line berweene F in 
the ſubſtylar and the houre · line of i, to be 31 inches,82 cevr. 


or 
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or parts of 100, Againe, the fame extent will reach from 100 
vrto 27, and ſuch is the length of the leſſer tang ent from 
G co the houre of t. 

The like reaſon holds for the length of the other tangents 
from the ſubſtylar ro the reſt of the houres, as in the Table; 
as alſo for the height of the ſtyle aboue theſe rangent lines; 
and ſo the angle of the ſtyle aboue the plane beings gr.6 . 
the height FK will be found to be s inches 23 cent. and 
the height GL 5 inches 42 cent. 

Where the Reader uy obſerue, that if the extent from 
the tangent of 45 gr. tothe tangent of 3 gr 6m, or to 115 in 
the line of numbers, be too large for his compaſſes, he may 
vſe the tangent of 5 gr.43 m. in ſtead of the tangent of 45 gr, 
25 I noted before _ 

4 Hauing found theſe lengths and heiglits, and ſer them 
downe in a Table, I come to the plane here reſembled by 
the leller ſquare AB D E,where I begin with an occult ver- 
ticall F N, about 12 inches from the ſide B D, and vpon the 
center E, about 6 inches below the ſide 4 B deſcribe an oc- 
cult arke of a circle. 

Into this arke I firſt inſcribe a chord of 38 gr. 23 w. the 
diflance of the ſubſtylar from the meridian, to make the an- 
gle HN F G equall to the Z C T; ſo the line FG ſhall be the 
ſubſtylar: and then another chord of 51 gr. 37 m. the comple- 
ment of this diſtance, to make vp the right angle G FN; ſo 
the line F & ſhall be the greater of the two tangent lines be- 
fore mentioned, | 

6 Iſeroff 15 inches from F vnto G, toward the center, 
and through G draw the leſſer tangent line GM parallel co 
the former. 

7 Theſe two occult tangent lines being thus drawne, 1 
looke vnto the former Table for the houre of x, and there 
finde the arke of the plane berweene the ſubſtylar and the 
houre of 1, to be 15 gr.28 . and the length belonging to it 
in the greater tangent line to be 31 inches $2 ces. in the 
leſſer tangent line 27 inches 67 cen: wheretore I take our 
31 inches 82 parts, and pgricke chem downe in the greater 
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tangent from F to N,andchen 27 inches 67 parts, and prick 
them downe in the leſſer tangent from G to M, and draw 
the MN for the houre of 1, which if it were produced 
would croſſe the ſubſtylar FG in the center C, and there 
make the angle FCN 1s gr.28w. The like reaſon holdeth 
for the drawing of all the reſt of the houre-lines. 

Laftly I ſer vp the ſtyle right ouer the ſubſtylar , ſo as the 
height F K 10. be 6 inches 23 cent. and the height & L in- 
ches 42 cent. then ſhall X L repreſent the axis of the world, 
and if it were produced would crolle the ſubſty lar FG in the 
center C, * there make the angle FC & to be 3 gr. 6 m. 
and ſo be truly placed for caſting of the ſhadow vpon the 
houre · lines in this declining plane. 


CHAP, VIII. 


T6 draw the houre · lines in a meridian 
inclining plane. 

2 thoſe planes wherein the horizontall line is the ſame 

with the meridian line, are therefore called meridian 
planes : if they be right to the horizon, they are called by the 
generall name of mexidian planes without farther addition, 
and are deſcribed before: if they leane to the horizon, they 
are then called meridian incliners. 

Theſe may incline either to the Eaſt part of the horizon, 
or to the Weſt, and each of them hath two faces, the vpper 
toward the zenith, the lower toward the Nadir, wherein 
knowing the latitude of the place, and the inclination of the 
plane to the horizon, we are to conſider 

3: The inclination of the meridian of the plane to the 

meridian of the place. 

2 The beighe ofthe pole aboue the plane. 

3 Thediftanceof the ſubſtylar from the meridian. 

4 The diſtance of each houre · line from the ſubſtylar. 

And all theſe ſoure are repreſented in the fundamentall 
| Diagram, 
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Diagram, as in this example. 

In our latitude of 51 fr. 30 m. a meridian plane inclineth 
Faſtward 50 gr; theſe gogr. I number in the verticall circle 
from EvntoG, according to the inclination of the plane, 
and there draw thearke GM repreſenting the plane pro- 
poſed. Then I let downe a perpendicular arke P from the 
— to the plane, ſeruing for the meridian of the plane, fo 

aue Ia rectangle triangle P YN, wherein the baſe P W is 
the height of the pole — the North part of the horizon, 
and the angle P N the complement of the inclination to 
the horizon; and theſe being — 

1 I may finde the angle N of inclination of the two 
meridians. For 

As the coſine of the latitude 
is to the line of go gr, 

So the tangent of inclination to the horizon, 
to the tangent of inclination of meridians. 


Extend the — — from the ſine of 38 gr. 30 m. the 
complement of the latitude, vnto the ſine of go gr. the ſame 
extent will reach from the tangent of 30 gr. o m. the inclina- 
tion of the plane to the horizon, vnto the tangent of 62 gr. 
25 m.and ſuch is the inclination of the meridian of the plane 
to the meridian of the placezwhich being reſolued into time, 
doth giueabout 4 houres and 10 , from the meridian, for 
the place of the ſubſtylar among the houre-lines, 

2 The height of the pole abouethe plane is here 
ſented by the quantitie of the arke of the proper meridian 
PV, berweenethe pole and the plane, and may be knowne 
by that which we haue giuen in the former triangle P VN. 
Fer 

As the fine of o gr. 
co the line of the latitude: 
Sothe coline of the inclination to the horizon, 
to the fine of che height of the pole aboue the plane. 


Extend the compalles from the (ine of 90 gr. vnto 5 2 


30. the ſine of the latitude, che ſame extent wil reach 8 
q 3 e 
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the (ine of 40 gr. the complement of the inclination of the 
plane to the horiron, vnto the fine of 30gr.12 U. 


Or as the ſine of go gr. 
to the coſine ot inclination of meridians: 

So the tangent of the latitude (plane, 
to the tangent of the height of the pole aboue the 


Extend the compaſſes from the line of go gr.vnto the tan- 
gent of 31 gr. 30m. the latirude of the place, the ſame ex- 
tent will reach from the ſine of 27 gr. 35 m. the complement 
of the inclination of the two meridians, vnto the tangent of 
30 gr. 12. And ſuch is the height of the pole aboue the 
plane, and ſucli muſt be the height of tlie ſtyle aboue the 
ſubſtylar. 

3 The diſtance of the ſubſtylar from the meridian is here 
repreſented by NVthe arke of the plane betweene the two 
meridians, and may be found by that which we haue giuen 
at the firſt in the former triangle P YN, For 


Asthe ſine of go gr, ; 
to the ſine of the inclination to the horizon: 
So the tangent of the latitude 
to the tangent of the ſubſtylarfrom the meridian. 


Extend the compaſſes from the ſine of go gr. vnto the tan- 
gent of 51 gr.30 m. the latirude of the place, the ſame extent 
will reach from the fine of 30 gr, the inclination of the plane 
to the horizon,vato 43gr.55 . And ſuch is the arke N 
the diſtance of the ſubſty lar from the meridian. 

4 The diſtances of the houre · lines from the ſubſty lar, are 
here alſo repreſented by thoſe arkes of the plane, which are 
here intercepted betweene the proper meridian and the 
houre-cxcles, and may be found by that which we haue gi- 
uen in the triangles made by the plane, with his proper me- 
ridian and the houre - circles. For the angle at V, berweene 
the plane and the proper meridian, is well knowne to be a 
right angle, and the ſide PF is the height of the pole aboue 
the plane, and the angles at the pole berweene the p_ 
meridian and the houre-circles are cafily gathered into * ws 


lines 
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I 
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ble. The angle V N berweene V the proper meridian of 
the plane, and P N che genęrall meridian of the place being 
62 fr. 25 m. the angle between the proper meridian and the 
circle of the houre of 11, will be 77 gr. 


25 ws, and the angle belonging to the IU 
houre of 1,47 gr. 25 , and (0 « reſt of E r. NM. Gr, N 
the angles at the pole. Then rr 6s & 


11 
As the fine of go gr. 12 
to the ſine of the pole aboue y plane: 147 25138 41 
So the tangent of the angle at che pole, | 2 
to the tangent of the houre · line 3 
from the ſubſtylar. 4 2 25 1 13 


Wherefore I extend the compalles Merid|Su5ftyl. 
from the line of go gr. vnto the fine of | 412 35] 6 — 
30 gr. I n. the height of the pole a= | 67 35/14 44 


boue the plane, and I finde the ſame 24 3514 4 
extent to reach in the line of tangents 8 57 3338 23 
from 77 gr 25 m.vnto 66 gr. 4 m. for the | 97z 35/58 3 
diſtance belonging to the houre of 11 [40,87 31815 

and from the tangent of 62 fr. 25 wv. to 

43 £7.55 m.for the houre of 12.25 when | found the diſtance 
ot the ſubſtylar from the meridian, And ſo for the reſt of the 

arks of plane betweene the ſubſtylar and the houre-circles, 

as in the Table, 

Theſe arks being thus found, wil ſetue to draw the houre- 
lines on either ſide of this plane: but ſuppoſing it to be the 
vpper hide, 

1 I draw the horixontall line C N, ſeruing for the me- 
ridian and houre of 12. 

2 In this line I make choice of a center at C, and thence 
deſcribe an occult arke of a circle repreſenting the plane 
propoſed, 

3 I findachord of 43 gr. 55 m. the diftance of the ſub 
ſtylar trom the meridian , and inſcribe it into this circle 
from N vneo A, according as I finde the proper meridian 
PF co fall in the fundamental diagram, and there I draw the 
line CA ſeruing for the ſubſtylar, 

q 3 4 The 
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The ſubſtylar being drawne, I may inſcribe the chords 
of the arkes of the plane from the ſubſtylar, and draw the 
hourei lines, and ſet vp the ſtyle, as in the former planes. 


CHAP. IX. 


To draw the boure-lines in a polar 
declining Plane. 


Hoſe planes wherein a line be drawne parallell to 


I the axis ofthe world, are called polar plages, becauſe 
that 
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that line pointeth vnto the poles, and theſe planes are always 

lell coſome one of the houre- circles If they be parallell 
to the houre of 6,they are called direct polar planeszif to the 
houre of 12, they are called meridian planes; and both theſe 
are deſcribed e: if to any other of the houre-circles, 
they are then called by the name of polar declining planes, 
becauſe of their inclining to the pole, and declining from 
the verticall. 

Theſe kind of planes may be knowne in this ſort: Firſt 
conſider the inclination of the plane to the horizon, which 
in theſe parts of the world muſt alwayes be Norrhward, and 
more then the latitude of the place. Then find the declina- 
tion from the verticall, Theſe two being knowne,it the pro- 
portion hold, 

As the ſine of go gr. 
tothe coſine of the declination: 
So the tangent of the inclmation 
to the tangent of the latitudeʒ 
it is then a polar declining plane, otherwiſe not. 

For example, in our latitude of 51 gr.30 m. a plane is pro- 

ſed declining from the verticall 65 gr.40 *. and inclining 
—— 71 [if 51m, the vpper face being open to the 
Southeaſt, and the lower to the Northweſt , It I number 
thoſe 65 gr. 40 .in the horizon of the fundamental diagram 
from E — draw the line H C2, it ſhall repreſent 
the horizontallline of the plane; then croſſing it at right 
ang les with the plane B Z D drawne through the zenith, I 
number i gr. 3 l M. ſor the inclination from O vnto R, and 
there draw the circle H R Q, this circle fo drawne ſhall re- 
preſent the plane propoſed; and becauſe it alſo paſſeth 
through the pole, it is therefore a polar plame. But tor far- 
ther triall I extend the com paſſes from the fine ot go gr. to 
the fine of 24 gr. ac the complement ot the declination, 
and I find the ſame extent to reach from the tangent of 21 
gr. 51 m.the inclination propoſed, vnto the tangent of 30 
gr. zom. which is the true latitude of the place, and therefore 
it is a polar plane. 1 

ere 
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Here then the ſtyle will be parallel] to the plane, and the 
houte- lines parallell one to the other, as in the mcridian 
and direct polar planes. But that we may know how to craw 
the houre· lines, and where to place the ſtyle, we are to 
conſider 


1 The arte of the plane betweens the horizon 
and the houre lines. 


In a meridian plane the arke betweene the horizon and 
the hourelines,is alwayes equall co the latitude of the place; 
in a direct polar it is an arke of gogr; in theſe declining po- 
lars it is greater then the latitude, and yet leſſe then 90 gr. 
and may be knowne in this maner. 


As theſine of 90 gr. 
to the coſine ot the latitude: 

So the line of the declination 
to the coſine of the arke betweene the horizon and 
the houre-lines. 


Extend the compaſſes from the ſine of go gr.vnto the ſine 
of 38 gr.30 m. the complement of the latirude , the ſame ex- 
rent will reach from the ſine of 65 gr. qo w. the declination 
propoſed, vnto the fine of 34 gr.34 mw. whole complement 

5 £7.26 m. the arke of the plane berweene the horizon and 
the ſubſtylar,to which all the houre-lines muſt be parallel]. 


2 The inclination of the meridian of the plane 
to the meridian of the place. 


The ſubſty lar in a direct polar plane is alwayes the ſame 
with the hour of 12: in a meridian plane it is the ſame with 
the houre-line of 6: in theſe declining polars it muſt be pla- 
ced berweene 12 and 6, according to the inclination of the 
meridian of the plane to the meridian of the place, which is 
thus knowne. 

As the ſine of go gr. 
to the ſine of thę latitude: 


So 
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So the tangent of the declination of che plane, 
to the tangent of the inclination of meridians. 


Extend the compaſſes from the (ine of ge gr. to the line 
of 51 gr. 30 m. the latitude of the place, che ſame extent will 
reach the tangent of 65 gr.40 mw. the declination 
ſed, vnto the tangene of 60 gr. and ſuch is the angle of incli- 
natiq; berweene the meridian of the place and the r 
meridian of the plane, which reſolued into time doth make 
foure houres; and ſo the ſubſtylar muſt here be placed vpon 
the houre of 8 in the morning. 

This angle being knowne, the reſt of the angles at the 

le are eaſily gathered. For if the houre of 12 be 60 gr. di- 
— from the meridian of the plane, the houre of t will be 
75 gr. and the houre of 11, will be 45 gr. diſtant, and the 
reſt bf the houres, as in the Table following. Then com- 
ming to the plane, 

1 I draw an occult horizontall line H, wherein I make 
choice of a center H, and deſcribe an occũlt circle for the 
horizon of the plane. 

2 I finda chord ef 55 gr.26 m. and inſcribe it into this cir- 
cle,from Qvnto , according to the ſituation of the plane; 
ſo the line H I ſhall be the meridian of the plane: and there- 
fore the ſubſtylar and the line 4 C croſſing it at right angles, 
ſhall be the equstor. 

3 I conſider the length of the plane, and how many houres 
I am to draw vpon it, that ſo I may proportion the height 
of the ſtyle z and I finde by the fundamentall diagram and 
the former table, that it will containe all che houres from 
Sun riſing vntill i afrernoone: and therefore the meridian 
of the plane falling on the houre of 8 in the morning, there 
will be foure houres on the one ſide, and fiue on the other 
fide of the ſubſtylar. Bur in all polar planes the height of 
the ſtyle aboue the fubſtylar muſt be to the diſtance 
of the third houre from the ſubſtylar, or about; of the fourth 
houre, ar little more then; of the fift houre, and thereu 
I allow the height of this ſtyle to be equall to C B, which 
you may ſuppoſe to be ten inches, n 

r 4 Be- 
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Beeanſe the equator A C is a tangent line in reſpect . 

of the Radius IC, and the parts thereof are ſuch as belong to 

the angles betweene the meridian of the plane and the 

hourelines, which —— are ſet downe in the table follow - 
ing, I may finde the length of each ſeuerall tangent in this 4] 
maner. | | 
As the tangent of 45 gr. | 
is to the tangent of the houre: | 
So the parts of the Radius, 2 


to the parts of the tangent line. 


The angle ABC betweene the meridian of the plane 
and che houre of 12, che meridian of the place bog. 
e 


2 
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betweene the ſubſtylar and 


A Po.jT the former table, and the Radius B C is 


ſuppoſed to be ten inches; whereu 
I extend the compaſſes from the tan- 
4 of 45 gr. vnto the tangent of 60 gr. 
the ſame extent will reach from ro in 
the line of numbers, vnto x7. 32, which 
ſhewes the length of the tangent AC 
the houre 
of 1a, to be 17.32 cent, The like reaſon 
holds for the ik of the houres. 

5 Theſe lengths being thus found 
and ſet downe in the table, I take out 
17 inches 32 cent. and prick them in the 
equator from C vnto A forthe houre of 
12,and 37 inches 32 cem. and prick them 
downefor the houre of t. And ſo the reſt 
of the houre · points. 

6 This done, if I draw right lines 
through each of cheſe points, croſſing 
the equator at right ang les, they ſhall be 
the houre- lines required: and if I ſet 
the ſtyle ouer the ſubſty lar, ſo as the 
edge of it may be parallell to che plane, 
and the height of it be ten inches equall 
to the former Radius BC, it ſhall repre- 
ſent the axis of the world, and be truly 
placed for caſting of the ſhadow vpon 
the houre-lines in this declining polar 
plane. 


r 2 CHAP. 


The deſiription of the boure · liuos 
CHAP. X. 


To draw the houre-lines in « declining 
inclining plane. 
I. a rs ſhall decline from the prime verticall, and incline 
to the horizon, and yet not lie euen with the poles of the 
world, it isthen called a declining inclining plane. 
Of theſe there are ſeuerall ſorts; for the inclination being 
Northward, the plane may fall berween the horizon and the 
le, as the circle B M D in the fundamentall Diagram; or 
etweene the zenith and the pole, as B F D: or the inclima- 
tion may be Southward,and ſo be repreſented by B X O, it 
may alſo fall either below the interſection of the meridian 
md the equator, or aboue itz and each of theſe haue two fa- 
ces, the vpper toward the zenith, and the lower toward 
the nadir wherein hauing the latitude of the place with the 
— - and inclination of the plane, we are farther to 
conſider, 
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x Thearkeof the meridian berweene the pole and the 


lane. 
2 The inclination of the plane to the meridian. 
$ The arke of the plane — the horizon and the 
meridian, 

4 The angle of inclination betweene both meridians. 

5 The height of the pole aboue the plane. 

6 The diſtance of the ſubſtylar from the meridian. 

7 The diftances of each houre-line from the ſubſtylar. 

And all theſe ſeuen may be repreſented in the fundamen- 
tall diagram, as in this example. 

In our latirude of 31 gr.30 m. a plane is — — 
ning from the verticall 24 fr. 20 . and inclining Northward 
36 gr. the vpper face lying open to the South weſt, xhe lower 
to the If I number theſe 24 fr. a0 w. in the hori- 


„ * 
ſent 
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ſent the horizoncall line of the plane: then croſſing it at 
right angles with the plane H Z 2 drawne through the ze- 
nich, I number 36 gr. for the inclination from ,2 vnto A, 
and there draw the circle B MD, croiſing the meridian in 
the point a; this circle ſo drawne ſhall repreſent the plane 
propoſed; and becauſe it doth not paſſe through the pole, is 
therfore no polar, but an ordinary — inclining plane. 
1 The arke of the meridian of the place between the pole 
and the plane, is here repreſented by P a, and may be found 
by reſoluing the triangle DN, wherein the angle at N is 
knowne to be a right angle, the angle at D is the angle of 
inclination, the (ide DN the complement of the declinati- 
on, which being kaowne, 
As the fine of go gr. 
to the coſine ot declination: 
So the tangene of inclination to the horizon, 
to the tangent of the meridian berwecne the horizon 
and the plane. | 


Extend the compaſſes from the ſine of 90 gr.vnto the Ine 
of 65 gr.40m. the complement of the declination, the ſame 
extent will reach from the tangent of 36 fr. the inclination 
propoſed, vnto the tangent of 33 gr. 30 m. and ſuch is the 
ark of the meridian N 4 between tie horizon andthe plane. 
Thisarke NA being compared with the arke N P, which is 
the eleuation of the pole aboue the horizon, and is here ſup- 
poſed to be 31 fr. 3 o. the difference N 4 comerh to 18 gr. 
and ſuch is the arke ef the meridian required berweene the 
pole and the plane. 

2 The inclination of the plane to the meridian is here re- 
preſented by the angle Na D, and may be found by that 
which we haue giuen in the former triangle D Ns. For 


As the fine of go fr. i 

to the fine ot the declination from the verticall: 
So the fine of inclination to the horizon, 

to the cofine of the inclination to the meridian. 


Extend the compalles from the ſine of go gr. vnto the 3 
r 3. . 
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of 24 gr.20 ws, the declination of the plane, the ſame extent 
will reach from the ſine of 36 gr. the inclination giuen, vnto 
the coline of 76 65 And ſuch is N D the angle of inelina- 
tion betweene the plane Da, and Na the meridian of the 
place. Or 2 

As the fine of the arke of the meridian berweene the 

horizon and the plane, 
is to the line of 90 gr. 
Sothe corangent of the declination 
to the tangent of the inclination to the meridian, 


Extend the compaſſes from the line of 33 gr. 30. the ark 
of the meridian berweene the horizon and the plane, vnto 
the line of go gr. the ſame extent will reach from the tangent 
of 65 gr. lo. the complement of the declination vntò the 
tangent of 76 gr. And ſuch is the inclination of the plane to 
the meridian,the ſame as beforc, 

3 Thearke of the plane betweene the horizon and the 
meridian, is here repreſented by D a, and may allo be found 
by that which we haue giuen in che former triangle DN a, 


As the ſine of go gr. 

to the coſine of inclination to the horizon: 
So the cotangent of the declination 

to the tangent of the plane required. 


Extend the compaſſes from the (ine of go gr. vnto the line 
of 54 fr · the — of the inclination of the plane to 
— the ſame extent will reach from the — of 
55 gr. 40 m. the complement of the declination, vnto the tan- 
ent of 69 gr. 54. And ſuch is D a the arke of the plane, 
— * horizon and the meridian of the place. 

4 The inclination of meridians is here repreſented by 
the angle a P. For if I let downe a perpendicular Pb from 
the — vnto the plane, this dicular ſhall be the me- 
ridian of the planezand we ſhall ane another triangle 46 P, 
wherein the angle at h is a right angle, becauſe of the per- 


dicular, the angle at à is the inclination of the plane to 
the meridian of the place, and the ſide P # is the arke of the 


meridian 
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meridian betweene the pole and the plane,, which being 
knowne, 


As the coſine of the arke of the meridian berweene the 
pole and the plane 
is to the ſine of go gr. 
So the cotangent of 2 inclination to the meridian, 
to the — of inclination of the meridian of the 
plane to the meridian of the place. 


0 

Extend the compaſſes from the ſine of ↄ2gr. the comple- 
ment of the arke Pa, betweene the pole and the plane,vnto 
the (ine of go gr. the ſame extent wad from — tangent 
of 14 gr. the complement of the inclination of the plane to 
the meridian, vnto the tangent of 14 gr. 41 *. And ſuch is 
the angle 4 Pb of inclination betweene £ meridian ct the 
place and the proper meridian of the plane, which reſolued 
into time,doth make about 59 minutes, and ſo che ſubſty lar 
muſt here be placed neare the houre of 1 after noone, 

5 Theheight of the pole aboue the plane is here repre- 
ſented by Pb, the arke of the — meridian between the 

le — the plane, and may be found by that Which wee 

aue giuen in the triangle 46 P. For 


As the ſine of go gr. 
to the ſine of the mexidian of the place betweene the 
pole and the plane: 

So the fine of the inclination to the meridian, 


to the fine of the height of the pole aboue the plane. 


Extend the compaſſes from the fine of 90 gr. vnto the 
fine of 18 gr.the wh P of the meridian of the place from 
the pole to the plane, the ſame extent wil reach from the fine 
of baP the inelination of the plane to the meridian of the 
place, vnto the ſine of 17 gr.26 m. Or 


As the ſine of 90 „ 


to the coſine of inclination of meridians: , 
0 


% 
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So the tangent of the meridian of the place berweene 
the pole and the plane, 
to the tangent of the height of the pole aboue the 
plane. 


Extend the compaſſes from the fine of go gr. vnto the ine 
of 75 gr. ig a. the complement of « P 6 the inclination of 
the two meridians, the ſame extent will reach from the tan- 

ent of 18 fr. che arke P 4 of the generall meridian between 
— pole and the plane, vnto the tangent of 17 fr. 26 m. And 
ſuch is Pb the height of the pole aboue the plane; and ſuch 
muſt be the height of the ſtyle aboue the ſabſtylar, 

6 This diſtance of the ſubſtylar from the meridian of the 
place, is here repreſented by 46 the arke of the plane be- 
tween the two meridians, and may be found by that which 
we had giuen at the firſt in the former triangle 46 P, For 


As the ſine of gor. 

to the ſine of the inclination to the meridian: 
So the tangent of the meridian of the place berweene 
che — and the plane, 
vnto the tangent of the ſubſtylar from the meridian 
of the place. 


Extend the compaſſes from the fine 
of go gr. vnto the ſine of 14 gr. the com- 
plement of 64 P, the inclination of the 
plane to che meridian, the ſame extent 
will reach from the tangent of 18 gr.che 
arke of the generall meridian berweene 
the pole and the plane, vnto the tan- 
gent of 4 fr. 30 0. And ſuch is the arke 
of the plane betweene the two meridi- 
ans; and ſuch muſt be the diſtance from 
the houre of 12 to the ſubſtylar. 

7 The diſtances of the houre-lines 
from the ſubſtylar, are here alſo repre- 
ſented by thoſe arks of the plane, which 

are 
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are intercepted between the proper meridian and the houre- 
circles. For in theſe triangles the angle at b betweene the 

lane and the proper meridian is a right angle, the fide Pb is 
the height of the pole aboue the plane, and then the angles at 
the pole between the proper meridian and the houre-curcles 
being gathered into a table. 3 


As the fine of go gr. 
to the ſine ot the pole aboue the plane: 
So the tangent of the angle at the pole, 
to the tangent of the — from the ſubſty lar. 


Extend the compaſſes from the (ine of go gr. vnto the fine 
of 17 gr. 26 m. the height of the pole aboue the plane, the 


uy 
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ſame extent will reach from the cangent of 14 gr. 41 =. the 
angle ut the pole belonging to the houre of 12, vnto the 
tangent of 4 gr. 30 . ſor the arke of the plane berweene the 
fabfiylar wn, + 4 houre of 22; and fr6 che rangent of 29 gr. 

1. vnto the — 2 b e: in for the houre of 11, and 
2 for the reſt of the arks of the plane between the ſubſtylat 
and the houre · lines, as inthe former table. 

Theſe arkes being thus found, will ſerue for the drawing 
of the houre · lines on either fide of the plane: but ſuppoſing 
it to be the vpper ſide, I conſider how the lines doe fall in 
the fundamentall diagram, and accordingly 

1 I draw an occult horizontall line DD, wherein I make 
choice of the center C, and thence draw an occulr circle for 
the horizon of the plane. 

2 I finde a chord of 69 gr. 34. the arke of the plane be- 
tweene the horizon and the meridian , and infcribe it into 
this circle from D vnto 4, and there draw the line CA for 
the houre of 14. 

3 I finde a chord of 4 gr.z0 w. the arke of the pang be- 
tweene the two meridians, and inſcribe it into this circle 
— 4 vnto 4, and there draw the hne Ci for the ſub- 

laz. 

4 The ſubſtylar being drawne, I may inſcribe the chords 
of the arkes of the plane ſrom che ſubRylar, and draw che 
houre-lines,and ſet vp the ſtyle as in the former planes. 


eA ſecond example of a Plane falting betweene 
— gu 


In like maner if in our latitude a plane be propoſed decli- 
ning from the verticall 24 gr. 20 m. as before, but inclining to 


the horizon 75 gr. 40 m. Northward, the vpper face being op 


to the Southweſt, the lower to the Northeaſt, this plane ſhall 
be here repreſented by the circle B ED, croſſing the meridian 
inthe point a, between the pole and the zenith,and the pro- 
per meridian of this plane, by the pes endicular arke Pe. 
Then in this triangle D Na ky ing the fide D N che 


comple— 
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complement of the declination, with the angle of inclina- 
nation to the horizon at D, and the right angle at N, theſe 
former Canons will giue N « the arke of the meridian be- 
eween the horizon and the plane to be 74 gr.20 m; and ther- 
fore Pd the arke of the meridian berweene the pole and the 
plane will be 22 gy. 30 w.the — DAN of the inclination 
of the plane to the meridian, will be found to be 66 gr. 29 0. 
and Dd the arke of the plane between the horizon and the 
meridian 83 fr. 36 mv. 

Againe, in the triangle Ped knowing the fide Pd the 
arke of the meridian berweene the pole and the plane, with 
the angle of inclination to the meridian at &, and the right 
at e, the angle 4P ol the inclination of the two meridians 
will be found co be 2587-17 w. and Pe 


the height of the pole aboue the plane Berli [2g 

to be 20 gr.50 m. and de the diſtance |[wclinario|75 
of the ſubſtylar from the meridian ++ |Dff.meri, 83 36 
bout 9 gr.32 m. ff, 9 32 
Laſt having found the — of the pens 20 — 

pole aboue the plane, and gathered the 

angles at the pole, the arks ot the plane Nee 
from the ſubſtylar to the houre- lines S Cc. N. Cr I. 
will be as in this table. ww 2 
This dene, if we conſider how the ah] _ — 
lines doe fall in the fundamentall dia- 10, 17/27 11 
gram, we may there fee how the North 4 19116 43 
pole is eleuated aboue the lower face, 22 5 159 32 
& the South pole aboue the vpper face 110 17] 3 41 
of the plane, and accordingly make Merid|Swbjtyl 
choice of a center, dra the horizoncall, | , 4 43] 1 40 
y meridian, the ſubſtylar,& the houre- 2119 43 7 16 
lines, and ſet vp the ſtyle as in the other 434 43/13 50 
planes. | 5149 12 46 
A third example of Plaue incl/inin 6164 43137 © 
1 the —.— N 7'79 43162 58 


If in our latitude a plane were pro- 
3 poſed 
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ſed declining from the verticall 24 fr. 20 *. as before, but 
inclining to the horizon 14 fr. 20 . Southward, the vpper 
face being open to the Northeaſt, the lower to the South- 
weſt, this plane ſhall be here repreſented by the circle 3K D 
croſſing the meridian in the point f berweene the equator 
and the horizon, and the proper meridian of this plane by 
the perpendicular arke Pg let downe from the pole to che 
plane, neare the houre of 11, at the North part of the hori- 
zon, as may partly appeare by the neareſt extent of the com- 

es. 

erben in the triangle BS,, knowing the ſide BS che cople- 
ment of the declination, with the angle of inclination to the 
horizon at B, and the right angle at S, we may find Sf the ark 
of the meridian berweene the horizon and the plane to be 
13 gr. s mw. And therefore Pf the arke of the meridian be- 
tweene the pole and the plane to the 
South ward 1 15 gr. 24 . but 64 gr. 36 m. | Declinatio\24 20 
to the Northward , the angle BfS or Inclinato|14 on 
DfN of che inclination of the plane to diff. merid 13 2 
the meridian, will be found 84 gr. g wm, & diſt ſubſty|12 8 
BF or Df che arke of che plane between Alt, Styt.\64 © 
the horizon & the meridian 66 gr. 20 . 


A gain, in the triangle Pg f knowing Aog.PojArc.Ply 
the ſide Pf he arke ho meridian be- Cr. . S. NI. 
tweene the pole and the plane, with the 76 3376 6 
angle of inclinari6 to the meridian at f, 51 3358 56 
and the right angle at , tlie angle /g of 6 3343 30 
the inclination of the two meridians wil 1 338 55 
be found to be 13 gr.27 m. and Pg the 16- 33/14, 58 
height of the pole aboue the plane, a- L 33] 1 25 
bout 64 gr. and fg the diſtance of the eria Sub ſty. 
ſubſtylar from the meridian 12 gr. & w. 2712 8 

Hauing found the height of the pole 27125 57 


aboue the plane, and gathered the an- 243 27149 23 
gles at ma mall the atkes of the plane 35S 27]55 38 
u 


trom the ſubſtylar to the houre-lines - | 4173 27/71 4 
vill be found as in this table. BY 2253 15 


This 
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This done, if we conſider how the lines do fall in the funda» 
mentall diagram, we may there ſee how the North pole is ele- 
uated aboue the ypper face, and the South pole aboue the 
lower face of this plane, and accordingly make choice of the 
center, dra the horizontall, the — the ſubſty lar, and 
the ure lines, and ſer vp the ſtyle as in the former planes. 
Aa 
4 


ws % % 


* 
* 7 N 


CHAP. XI. "Wa 
To deſcribe the Tropiques and other circles of de- 


'_.. Clination in an equinoctiall Plane. 
Vch circles as are parallell to the equinoctiall, and yet fall 
within the tropiques, may be deſcribed on any plang-by 

help of theſe lines of proportion, but after a different mayer, 

according as the ſtyle (hall be eicher perpendicular, or pazlllel 
to the plane, or cut the plane with oblique angles. 

In an equinoctiall — where the ſtyle is per eodicular 
to the plane, the tropiques and other circles of declination 
will be perie@arcles: wlierefore conſider the lerigeh ot the 
ſtyle in inches and parts, and the declinatton ot the circle 
which you intend to deſeribe in degrees and minutes, the 


proportion will hold, 


As the tangent of 48 gy. 
to the length ot tire ſtylc: 
So the cotangent of the parallel, 
to the ſemidiameter or his circle... . 


Suppoſe the length of the ſtyle aboue the plane to be 
to inches, and that it were required to finde the ſemidiame- 
ter of the tropique, whoſe declination is knowne to be 23 gr. 
30 m —— compalles from the tangent of 45 gr. vnto 
the tangent of 66 gr. 30 m. the ſame extent will tcach in the 
line of numbers from 10 vnto 23, which ſhewes the ſemi- 
diameter ofthe tropique to be a3 inches. So ove declina- 
tion be 20 gr. the ſemidiameter will 1 7 inclies ve 
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47 then 37.323 if 10 gr. then 56.71; if 5 gr. then 114.30; 
and ſo in the reſt. 
Or if it were required to proportion the ſtyle to the 
plane, i 
As the tangent of . 
to the — ent # Fr declination: 
So the ſemidiameter of the plane, 


to the length of the ſtyle, 
As if the ſemidiameter of the nan TE vpon the 


plane were but ſix inches, and that ell ſnould be the 


degree of declination : «extend the compaſſes from the 
tangent of 45 gr. vnto the tangent of 5 gr. the ſame extent 
wil reach in the line of numbers from 6.00 vnto about o. 53, 


which 
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which ſhewes that the length of the ſtyle muſt be 53 parts of 
an inch diuided into too; then the length of the ſtyle bei 
knowne, the ſemidiameter of the other circles will be foun 
a5 before, 

I begin here with the fife parallell, and thence proceed 
vnto the tropique, becauſe the ſhadow of the reſt neare the 
equinoctial, would be ouerlong,and the equinoctiall it ſelfe 
cannot be deſcribed . The parallels of North declination 
are to be ſet on the North face, and the parallels of South de- 
clination on the South face of the plane. Neither need theſe 
parallels to be drawne in full circles, but onely to the hori- 
zontall line, which ſhall be deſcribed in Cap. xviij. 

Hauing by cheſe meanes ſet vp the ſtyle to his true height, 
and drawne the circles of declination , if we ſhall place the 
plane ſo as it ſhall make an angle with che horizon equall to 
the cõplement of the latitude, and then turne it vntil the top 
of the ſtyle caſt the ſhadow vpon the parallell of declination 
belonging roy time, the meridian of the plane will ſhew the 
meridian of the place, and the ſhadow of the ſtyle the houre 
of the day, without the help of a magneticall needle, 


CHAP, XII. 


To deſcribe the Tropiques and other circles of de- 
clination in a polar plane. 


N all polar planes,whether thy be parallel to che meridian 
22 —— 6, ot otherwiſe decliniag, 
che equi octiall will be a right line, but che tropiques and. 
other circles of declumon wil be ſecdions hyperbolicall, and 
be thus deſcribed. . 

Conſider the length of the ſtyle, the declination of the 
parallell, and the ang be at the pole betwetne the ſubſty lar 
and rhe houre · line, whercon you meane to deſcribe the pa- 
rallell. ; A 
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* you would find where the parallels doe croſſe the ſub- 
. ar; | 
= As the tangent of 45 gr. 
W- to the tangent of declination: 
So isthe length of the ſtyle, 

tothe diflance of the parallell from the equinoctiall. 


— —_— 


As in the example of the polar plane, where the length 
of the ſtyle B C was found to be 1 inch 61 cent. if you de- 
fire to know the diftance berweene the equinoctiall and the 
tropique ypon the ſubſtylar line: extend the compalles from 
the tangent of 45 gy; vnto the tangent of 23 gr. 30 m. the 
ſame extent will reach in the line of numbers from 1.61 
vnto 0.70; and therefore the diſtance requited is 70 parts 
of an inch diuided into 100. The like reaſon holdeth for 
all other parallels of declination croſſing the ſubſty lar. 
Ar But if you would finde where the parallels doe croſſe any 
hs! other of the houre-lines, firſt find the diſtance berweene 


38 the axis of the ſtyle and the houre- line, then the diſtance 

| of | berweene the equinoctiall and the parallel], both theſe may 
77 be repreſented in this maner. | 

1 On the center B and any ſemidiameter B D deſcribe an 


occult arke of a circle, and therein deſcribe a chord of 23 gr. 


30 m. 


and . / of / 2 5 Y 
30 m. from D vnto 7, with 
ſuch other intermediate de- 
clinations as you intend to 
deſcribe on the plane, ſo the 
line B D ſhall be the equa- 


cor, and B T the ttopique, 
and the other intermediate 
lines the lines of declina- 
tion. 

That done, conſider your 
plane, which for example 
may be either the meridian 
or y declining polar plane, 
wherein hauing drawne 
both che equator, and the 
houre-lines as before, firſt 
take out the height of the 
ſty lo, and prick that downe 
in this equator from vnto 
C; then take out all the di- 
ſtances, berweeneB the to 
of the ſtyle and the ſeuerall 

ints wherein the houre- 

ines doe eroſſe the equator, 
transfer them into this equator B D from the center B, and 
at the termes of theſe diſtances ere lines perpendicular to 
the qa the lines of declination, and note them 
with the number of the houre from whence they were ta- 


1 


ken: ſo theſe perpendiculars ſhal repreſent thoſe houre · lines, 
and the ſeuerall diſtances between the equator and the lines 
of declination, ſhall giue the like diſtances between tlie equa- 
tot and the 19 — declination vpon your plane. Vpon 
this ground it followeth, 


To 
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Te fad the diſtance let wer ne the axis 
and the houre-lines. 


As the coſine of the houre from the ſubſty lar 


is to the ſiue of go gr. 
So the length of the ſtyle, 


to the diſtance between che axis and che lioure · line. 


„ 


As if in the former example of the. meridian plane, vhere 

B Che height of the ſtyle is ſuppoſed to be 10 inches, it 

were required to find the diſtance between I the top of the 

- ſtyle and the point wherein the houre of ii in the morning 
doch croſſe the equator, which is here repreſented by I, be- 


cauſe x is the ſiſt houre from the ſubſtylar, whoſe 2 
e. 


bs, 


and C ir des of declination. 1 47 
the pole is75 gr. Extend the compaſſes from the ſine of r5 gr. 
the complement of the fift houre from the — 
the ſine of 90 gr. the ſame extent wil reach from 10. oo in the 
line of numbers vnto dre and therefore the diſtance B 5 
between the axis and the houre· line, is 38 inches & 64 cent. 
and may be called the ſecant of the houre. Then in the re- 
angle B 5 T, hauing the ſide B , and tlie angle of declina- 
tion at B. 


To finde the diſtance let weene the equine(tiall 
and the paralell. 


As the tangent of 45 gr. : 
to the tangent of the declination: 
So the diſtance betweene the axis and che houre- line, 
to the diſtance between the equinoctiall and the parallel). 


Extend the compalles from the tangent of 45 gr. vnto the 
tangent of 23 7 30 m. the declinatiõ of the tropique, ſo the 
ſame extent will reach in che line of numbers from 38 64, the 
diſtance between the axis and the fift houre- line vnto 16.803 
and therefore thre diſtance is 16 inches and 8o cene, The like 
reaſon holdeth for all the reſt, which may be gathered and 
ſer done in ſuch a Table as this which followeth. 

Wherein I haue ſet downe theſe diſtances for ſeuerall de- 
clinations, for 11 gr.30 m. for 16 gr.z5 w. for 20 gr 12m, for 
21 gr 41 . and for the declination of the Tropique 23 gr, 
30 ww. which may be applied to the like declinations in all 
meridian and direct polar planes. 

As in the former example of the polar plane, where B C 
the height of the ſtyle is found to be 1 inch 61 cent. it it were 
required to find the diſtance berweene B the top of the ſtyle 
and the points wherein the houre- lines of 7 in the morning 
or 5 after noon, do croſſe the equator (which diſtances, I cal- 
led the ſecants of thoſe houres.) either you may extend the 
compaſſes from the line of 15 gr. the complement of the 
houre from the ſubſtylar vnto che line of go gr. ſo the ſame 
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Ee Pa 
ooſooh cas gli qe 3 455 
3 45| © 6510 02; 2 4 3 % 3 69,39 4 36 
9 3901 © 20 0, ©3307] 3 75( 4 01 4 39 
11 15] 1 9910 200 2 % 3 100 3 75| 4 05| 4 43 
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extent wil reach in the line of numbers from 1.61 the length 
of the ſtyle, vnto 6.21, according to the former Canon, Or 
elſe you may make vſe of the former Table, extending the 
oompaſſes in the line of numbers from 10, oo the length of 
the ſtyle in the Table, vnto 2.61 the length of the ſtyle be- 
longing to your plane, ſo the ſame extent ſhall reach from 
from 38.64 the ſecant in the Table, vnto 6.21, and ſuch is 
your ſecant required, the diſtance betweene the top of the 


le 


A 
— 
A 
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ſtyle andthe point of interſection, wherein the fift houre” 
line from the ſubſtylar doth croſſe the equator. 

Again, the ſame extent will reach from 14.80 the diſtance 
in the Table belonging to the fitr houre-line betweene the 
equator and the parallell of 23 fr. 30 m.declination,vnro 2,70 
for the like diſtance vpon your plane; and ſo for the reſt, 
which may be gathered and ſer downe in a Table. 

That done, and the equa- 


tor drawne as before, it you wt Trop. 
would draw the tropiques in Pin Þ 
the polar plane, looke into It 610 70 
the Table, and take 70 cent. 1 63 72 
out of the line of — 


a 10 230 oſo 9301 85/0 80 
pricke them downe in the 9 345 oz 65h 270 99 


ſubſtylar r M—_ 8 4 92 79 3241 40 
equator, and ſo 72 cent. on os ools 2112 
x firſt — de en the 752 _ 
ſecond houre, and 2 inches 70 cent. on the fiſt houre from the 
ſubſtylar, and the reſt of theſe diſtances on their ſeuerall 
houre-lines, and then draw a crooked line through all theſe 
_ „ſo as it makes no angles, the line fodrawne ſhall 
the Tropique required. In like maner you may draw any 
other parallell of declination. 


CHAP. XIII. 


To deſcribe the Tropiques and other circles of 
declination in ſuch a Plane as is neither 
equinoctiall nor polar. 


N Planes neither equinoQiall nor polar, the equator will 


be a right line, the tropiques and other parallels of decli- 
nation will be conicall ſections, ſome of them parabolicall, 
ſome ellipticall, but the moſt of them hyperbolicall. 

To finde the points of interſection of theſe parallels with 


the houre- lines, wee are to conſider, firſt the length of the 
C-.Y ax1s - 


TS. 
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axis of the ſtyle in inches and parts of inches ; ſecondly the 
height of the ſtyle aboue the planezthirdly the angles at the 
le betweene che proper meridian and the houre-circles. 
heſe being knowne, will help vs to find, firſt the angle be- 
tweene the axis and the houre- lines on the plane; — then 
the diſtance between the center and the parallels: both theſe 
may be repreſented in this maner. 


— 


— 


Let the triangle A B C be made equal to the ſtyle belonging 
to your plane, A C the ſubſtylar,Z C the axis of the ſtyle, AB 
the length of the ſtyle perpendicular to the plane. Then ha- 
uing drawn the line BD perpẽdicular to the axis on the cẽter 
B, & any ſemidiameter B D deſcribe an occult ark of a circle, 
and therein inſcribe a chord of 23 gr. 30 . from D vnto 7, on 
either ſide of the line, with ſuch = intermediate declina- 
tions as you intend to deſcribe on the plane, ſo the papa. 

2 g cular 
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dicular B D ſhall be the equator, and BT the tropiques, and 


the other intermediate lines the parallels of declination. 
Wherefore you may take out the diſtance C from the cen- 
ter to the equator, and pricke it downe on tlie ſubſty lar of 


your plane from the center at C vnto V, ſo the line drawne. 


through Y perpendicular to your ſubſty lar, ſnal be the equa- 
tar of your plane, 

That done, take the diſtance of each houre-line betweene 
the center and the equator of your plane, and pricke them 
downe in the equator of this figure,trom.che center at C, no- 
ting the place,where they croſſe the equatot, with the num- 
ber belonging to the houre, and drawing the houre-lines 
from C through the lines of declina: ion. 


Or hauing che Sedter you may draw an occult line CE 


perpendicular to the axis B C, and therein pricke downe the 
tangent of the heiglit of the ſtyle aboue the plane, from C 
vnta E. Then draw the line EF parallell to the axis, croſſing 
the ſubſty lar produoed in the point E, this line EF wilt be 
the line ot ſines vpon the Setter, and therein you may pricke 
downe the fines of the complement of the angles at the pole 
from E toward F, anddraw the houre-lines by thoſe points 
through the lines of declination, ſo the angles at C berween 
the axis B C and thoſe hourc-lines, ſhall be the angles be- 
tweene the axis of your ſtyle and the houre- lines on your 


plane, and the ſeuerall diſtances berweene the point C aud 


the lines of declination, ſhall giue you che like diſtances be- 
tweene the center, and the parallels of declinauon vpon the 
hour<c-lines in your plane, Y pon this ground it ſolloweth, 


1.To propert ion the flyle onto the plane. 


Confider the height of the ſtyle aboue the plane, and the 
length of the ſubſtylar betweene the center and the place 
which you intend tor the tropique. If it be the tropique 
which i fartheſt from the center, adde 113 gr. o if the nea- 
ter tropique, adde 66 gr. 30m. vnto the height of the ſtyle, tho 
remainder vnto 180 gr.ſhall giue you the altitude of the Sun 
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152 The deſcription of the Tropiques 
aboue the plane when he commeth to that tropique. As in 
our latitude the height of the ſtyle abouc an horizoncall 
plane is 5t gr. 30 m. adde vnto this 113 gr. 30 w. the ſumme 
1s 165 gr. which being taken out of 180 fr. che remainder wil 
be 15 gr.and ſuch is the altitude of the Sun aboue this plane 
when he commeth to be in the Winter tropique: but it you 
adde 66 gr. 30 m. vnto 85 gr. 30 m. the remainder to 180 fr. 
will be 62 gr. And ſuch is the altitude of the Sunne in the 
Summer Tropique. Then 
As the line of 66 gr. 30 m. 
to the ſine of the Sunnes altitude: 
So the length of the ſubſtylar line, 
to the length of the axis of the ſtyle. 


and circles of declination. I53 

As in the firſt example of the declining verticall, wh 
the height of the ſtyle was found to be - 33 a — 
here repreſented before pag. i 30. by the angle BCSz adde 
to this height 113 4. 30 m. for the angle Ci &, the ſum wil 
be 148 fr. 3 . nd the remainder to 280 gr. wil be g1 gr. 7 
and ſuch is the angle & C of the altitude ot the Sun aboue 
the plane, hen he cometh to be in the tropique of S, which 
is here the fartheſt ttopique from the center. 

Then ſuppoſing che length of the ſubſtylar line between 
the center and the place which is fit for the fartheſt : ropique 
to be about 21 * extend the compaſſes from the ſine 
wt vnto the ſine of 31 gr. 57 m, the ſame extent 
will reach in the line of numbers from 21 vnto 12.1 , and ſo 
the length of the axis of the ſtyle ſhould be 12 inch. i i cent. 
Or it may ſuffice to make it iuſt ta inches, as a more eaſie 
ground for the reſt of the worke. 

But if it were required to proportion the ſtyle vnto the 
plane, ſo as it may caſt theſhadow to the ful lẽgth of the ſub 
&ylar line at all times of the yeare, you may then conſider 
the Sunne in the tropique, which is to be ſer neareſt vnto 
the center, and adde 66 gr. 30 m. vnto 34 gr. 33 m. ſo the re- 
mainder vnto 180 fr. will be 78 fr. 57 . And if you extend 
the compalles ſrom the ſine of 66 gr. 30 m. vnto the line of 

8 gr. sy m. the ſame extent will reach in the line of numbers 
om 241 vnto 22.47 forthe length of the axis of che ſty le. 


2 Hazing the length of the axis, and the height of the ſtyle 
abone the plane, to find the length of the 
ſides of the fljle. 


| The ſtyle of a plane neither equinoctiall nor polar, may 


be either a ſmall rod of iron ſer parallel! to the axis of the 
world, or perpendicular to the plane, or elſe a thin platę of 
iron or braſſe made in forme ot a rectangle triangle 3 4 C, 
with the baſe BC patallell to the axis ot the world, the ſide 
A perpendicular to the plane, & the ſide AC the ſame with 
the lubſtylar line, wherein knowing C, and the angle BA G 

1 v $ 
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159%. The deſcription of the Trop1ques 
As the fine of 30 gr. 
to the length of rhe axis: 
So the ſine of the height of the ſtyle, 
to the length of the perpendicular (ide: 
And ſo the coline of the height of the ſtyle, 
to the length of the ſubſtylar fide. 


Thus in the former example, the — — of the axis being 
ſuppoſed to be ta inches, and the height of the ſtyle 34 gr. 
3 mm, Extend the compalles from the fine of go gr. (or elſe 
— the line of 5 fr. 45 .) vnto 12 in the line of numbers, 
the ſame extent will reach from the ine of 34 fr. 33 m. vnto 
6.80 in the line of numbers for the length of the perpendi- 
cular (ide, and from the ſine of 55 gr. 27 m. vnto 9.88 tor the 
length of the ſubſty lar ſide. i 


3 To find the diſtance between the center and the equator 
| vpen the ſubſtylar line. 


This is here repreſented by C V, and may be found by re- 
ſoluing the rectangle triangle C BY, 


As the coſine of the height of the ſty le, 
is to the ſine of go gr. 
So the length ot the axis, 
to the diſtance of the equator from the center. 


Extend the compalles from the fine of 35 gr. 27 m.vnto 
the line of go gy. rhe ſame extent will reach in the line of 
numbers from 12 ynto 14.57. Wherefore if you take 14 lch. 
57 cent.and pricking them down on your ſubſtylarline fro C 
vnto V, draw a line through V, croſſing the ſubſtylar at right 
angles, the line ſo drawne ſhall be the equator, 


4 To find the angles contained between the 8quator 
and the bowre-lines pon your plane. 


Theſe angles made by B Y and the houre-lines, are com- 
; 2 plements 


irs 


and circles of declination. 155 
plements of thoſe which are at C, betweene BC the axis and 
thoſe ſeuerall houre-lines, and depend 2 the angles at 
the pole, between the proper meridian and the houre - ircles. 


As the (ine of 90 gry. | ; 
to the coſine of the angle at the pole. 
So the cotangent of the height of the ſtyle, 


to the tangent of the angle between the equator and 


the houreline. 
In our example the —— of the ſtyle is 34 fr. 33 *. and 


the proper meridian fallech to be the ſame with the circle of 
the ſecond houre after noone}, whereupon the angle at the 
le, berweene this proper meridian, and the circles of the 
— of x on the one ſide, and 3 on the other ſide, wil be 15 
gr; ſo betu een this meridian and the houre-circlesof 1 and 
4,che angle will be 30 gr.&c: #5 in the Table. | 


T 
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If then it be required to find che angle, which the houre- 
line of 4 after noone doth make with the plane of the equa- 
tor, that is the angle C 4 B contained berweene the houre- 
line C 4 and the line B 4, drawne from the top of che ſty le 
vnto the iuterſectiõ of the houre-line of 4 with the equator. 

Extend the compalles from the line of go gr.vnro - fine 
of 60 gr. the J ement of che angle at the pole, the ſame 
extent wil reach the tang ent of 55 gr. ij . the comple- 
ment of the height of the pole, vnto = tangẽt of 51 gy. 30m. 
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and ſuch is the angle C 4 B in the diagram P«g.150. 

Orin crolle-worke, it it were required to finde the angle 
C 9 B, looke into the Table for the houre of 9, and there 
you ſhall find the angle at the pole to be 75 r, and if you ex- 
tend the compalles trom the ſine of go 7 vnto the tangent 
of 35 fr. ay m. the ſame extent will reach from the ſine of 15 

the complement of 75 gr. vnto the tangent of 20 gr.36 . 
and ſuch is the angle 2 9 B, made at the equator betweene 
the line Bg drawne from the top of the ſtyle, and the houre- 
line C 9 drawne from the center. The like reaſon holderh 
for the reſt, which may be found and ſer downe in a table: 
then may you either draw theſeangles at C in the former fi- 
gure more perfectly, and thence finiſh your worke, or clic 
proceed 


5 ' To find the diſtance betweene the center and the paral. 


The diſtances betweene the center and the parallels of de- 
clination, may be found by reſoluing the triangles made by 
the axis BC,the lines of dechination, and the houre-lines. For 
hauing theangles at che equator, and knowing the declina- 
tion of the paralel!, if the parallell ſhall fall berweene the e- 
quator and the center, adde the declination vnto the angle 
at the equaror; or it it ſhall fall withour the equator, rake the 
declmarion our of the angle it the equator, ſo ſhall you haue 
the augle at che parallel. Then 


As the fine of the angle at the parallell, 
to the coline of the declination: 

So the length ot the axis of the ſtyle, | 
to the diſtance between the center and the parallel], 


Thus in our example, the angle at the equator belonging 


tothe houre of 4 after noone, was found before to be 51 gr. 


30 m it you would find the diſtance between the center and 
the equator, extend the compalles frõ the ſine of 31 fr. 30 


vato 


—_—” LOSE 


j as 4 MX. _ Fr. a 


* 


K 


and circles of deins. 1 


vnto the (ine of go gr. the complement of the declinations 
the ſame extent will reach in the line of numbers, from 12 
vnto 15.33, and ſuch is the diſtance vpon the houre- line 
of 4 between the center and the equator. 

If you would finde the diſtance vpon this houre· line, be- 
tween the center and the inner tropique, whole declination 
is knowne tobe 23 gr. 30 h. adde the declination to the an- 
gle at the equator, ſo the angle at che parallell wil be 74 gr. 
wherefore extend the compalles from the line of 75 gr. vnto 
the fine of 66 gr.30 m. the complement of the declination, 
the ſame extent will reach in the line of numbers, from 12 
vnto 11. 40, and ſuch is the length of the houre-line of 4 
betweene the center and the tropique of W. 

It you would finde the diſtance vpon this houre- line be- 
tween this center and the tropique of S, which is here the 
fartheſt from the center, take the declination out of the angle 
at the equator, fo the angle at the parallell will be 28 gr. 
wherefore extend the compalles from the ſine of 28 gr. vnto 
the line of 66 gr. 30 m. the ſame extent will reach in the line 
of numbers, from 1 vnto 23. 44, and ſuch is che diſtance be- 
tweene the center and the tropique of & vpon this houre- 
line of 4. The like reaſon holderh for all che reit, which may 
be gathered and fer downe in a table. 

hat done and che equator drawne as before, if you would 
draw the tropique of , looke into the table, and there fin+ 
ding vnder the title C S che diſtance ot che ſubſtylar be- 
tween the center and the parallel of S to be 20 inch. do cent. 
take 20 inch. go cent. out of the line of inchegand prick them 
dow ne in the ſubſtylar of your plane from C vnto S. 

Or if either the center tall without your plane, or the ex- 
tent be too large for your compalles, you may pricke downe 
the difference betweene CV and C S. As here the diſtance 


CY between the centet & the equator is 14-57, the diſtance 


C 20. 80, the differt᷑ce 6. 23, the rfore raking 6 inch. 23 cent. 
icke them downe on the ſubſtylar from Y vnto S, and you 
ſhall haue the ſame inteiſection of the tropique and the ſub- 
ſtylarzas before the like reaſon holdeth tor pricking _ 
v 3 | 
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of the reſt of theſe diſtances on their ſeuerall houre-lines. 
Then having the points of interſection berweene the 

houre-lines and the parallel}, you may ioyne them all in 2 

crooked line without making of any angles, the line ſo 

drawne ſhall be the tropique required, And after this maner 

may you draw any other parallell of dechination, whereof 

vou haue examples in the moſt of the former Diagrams. 


CHAP. XIIII. 


To deſcribe the parallels of the Signes in any 
of the former Planes. 


He equator and the tropiques before deſcribed, do ſhew 
che Suns entrance into 4 of the Signes,the equator into 
Y and =, the one tropique into S, and the other into , the 
reſt of the intermediate Signes will be deſcribed in the ſame 
maner as the tropiques, if firſt we know their declination. 
The maner of — the declination not onely of the 
beginning of the Signes, but of all other points of the eclip- 
tique, is before ſet downe in 2. Prep. Aftrovemicall,pag.52. by 
which you may finde the declination of the beginning of x, 
. m, and x to be 11 fr. 30 m. and of A, N, and to be 20 gr. 
12m. If then you inſcribe the chords of 11 fr. 30 . and of 
20 fr. I 2 M. into the former figure B DT Pag.145. from O 
toward 2, the lines drawne from I through the termes of 
thofe chords ſkall be the Signes required. 
And with theſe declinations, the height of the ſtyle, and the 
length of the axis, you may finde the angles at the parallell, 
and then the diſtances between the center and the parallel, 
which being / pricked downe vpon their ſeuerall houre - lines 
ſhall gre you the points of interſection, by which you may 
draw the — of the Signes, as in the figures belonging 
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CHAP. XV. 


To deſcribe the parallels of the length of the day 
in any of the former Planes. 


He _ of the day will alwayes be 1» houres long 

when the Sunne cometh to be in the equator, and this 
holdeth in all latitudes; but at other times of the yeare the 
ſame place of the Sunne, wil not giue the ſame length of the 
day in another latirude;wherefore the latitude being known, 
we are ſirſt 


To find the declination of the Sunne wo to the 
2 length of the day. Gr 


Conſider the difference betweene the length of an equi- 
noctiall day and the day propoſed, and turne the time into 
degrees and minutes, 


As the ſine of go gr. 

is to the ſine ot halfe the diference: 
So the cotangent of the latitude, 

to the tangent of the declination. 


As if the length of che day propoſed were 15 honres, rhe 
difference betweene this and an equinoctiall day ( whoſe 
— is alwayes 12 houres) would be three tonres, which 
make 45 fr. and the halfe difference is 22 fr. 30-w: wherefore 
extend rhe compaſſes from the fine of go gr. vnto the tan» 
gent of 38.97.30 m. the complement'of che ſirirudle.the ſame 
extent wil reach from che ſmeof 22 gr. 380 1. vnto the tangent 
of 16 gr. 55 u. for the declination of the Sunne at ſuch time 
as the length of the day is either g or r5 houres ; and from 
the ſine of 30 gr. vnto the tangent of 21 fr. 40 m. for che de- 
clination belonging to 8 or 1 houres, and from che ſine - 

en in | 8 
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15 gr.vnto the tangent of 11 gr.38 m. for the declination be- 
longing to 10 or 14 houres, and from the ſine of 7 gr. 30». 
vnto the tangent of gr. s . for the declinarion of the Sun 
when the length of the day is either 11 or 13 houres. 

If then you inſcribe the chords of theſe arks into the for- 
mer figure 5 D, che lines drawne from B through the 
termesof theſe arks,ſhall be the lines belonging to the diur- 
nall arkes, and the ſeuerall diſtances berweene them and 
the point C gue the like diſtances berweene the center and 
the parallels of the length of che day vpon the houre-lines 
in your plane. 28 

Or comparing theſe angles of declination with the angles 
at the equator, you may haue the angles at the parallell, and 
then find the diftances between the center and the parallel], 
which being pricked downe vpon the ſeuerall —_— 

ſh 
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ſhall giue you the points of interſection, by which you may 
drawxhe parallels of the length of theday,wheteof you haue 
another example in the diagram belong ing to an horizontal 
plarſe, pag. tos. And by the fame reaſon you may draw the 
llels of thoſe circles to which the Sunne is verticall, the 
parallels of the principall feaſts, or what clic depends on the 
declinatiom of * b q | 
F Fg ; 
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The d:ſcription of the old 
CHAP, XVI. 


To draw the old -onequall houres ia the 
former Planes. | 


T was the maner of the Ancients to divide the day into 
twelue equall houres, and the night into twelue other e- 
ual houres, and ſo the whole day and night into 24 houres. 
theſe 24, thoſe which belonged vnto the day, were either 
longer or ſhorter (excepting the two equinoctial dayes) then 
thoſe which belonged vnto the night; and the Sum mer 
houres _ longer then the houres in the Winter, accor- 
ding to the lengthening of the dayes, whereupon they are 
called the old vnequall (and by ſome the Planetary) houres. 


1 


2 
901 
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To expreſſè theſe in the former Planes : ſirſt draw the 
common houre- lines, the equator, and the tropiques, as be- 
fore: then deſcribe two occult — of the — of the 
day, one for g houres, the other for 15 hourezzfor ſo you may 
draw a ſtreight line fox the firſt vnequall houre through 3 be. 
45 m.in the ell of t5, and through 84. 1 5 win the pa- 
rallel of g. This ſtreight line — — directly through y ho, 
o w.in the equator, and ſo cut off a twelfth part of the arks 
aboue the horizon, both from theſe two parallels and the e- 
quator: and being continued vnto the tropiques, it ſhall alſo 
cut off about a rwelfth part from them, and all the reſt of 
the parallels of declination, without any ſenſible error. 

In like maner may you draw the ſecond ynequall houre 

through 7 bo. in che parallell of 13, through 8 bo. in the equa- 


tor, and through 9 bo. in the parallell of 9, and ſo in the reſt, 


as in this Table. 
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And of theſe vnequall houres you haue a farther example 


in the diagram belonging to the polar declining plane, Pag. 
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164 Houres from Sun riſing and Sun ſetting: 
CHAP. XVII. 


Todraw the houres from Sun riſing and ſun ſetting 
in the former Planes. 


12 know how many houres are paſt ſince the Sun rifing, 
or how many remaine to the Sun ſertingy firſt draw = 


fore: then deſcribe two occult parallels of che —— of the 


EE 
DJ 


— _—_ 
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may draw the firſt houre from the Sun riſing through the 

common houres of 5 in the patallell of 16, of 7 in the equa- 
tor, and of 9 in the parallell of 8. In like miner che ſecond 
houre fro n $un riling through the common houres of 6 in 

the parallell of 16, of 8 in che equatot, and of 10 in the pa- 

rallell of 8. And ſo the reſt in their order. 

The firſt houre before Sun ſetting, or the 23 houre from 
the laſt Sun letting, may be drawne in like ſort through the 
common houres of 3 after noone in the paralell of 8, of 5 in 
the equator, and of 7 in the parallell of 15. The ſecond houre 
before Sun ſetting, or the 22 houre aſter the laſt Sun ſetting 
through the common houres of 2 in the parallell of 8, of 4 
in che equator, and of s in the parallell of 16. And ſo the reſt 
in the like order, whereof you haue another example in the 
Diagram belonging to the declining verticall, Pag. c 16. 


CHAP. XVII 


Jo draw the horizontall line in the 
former planer. 


T= common houre-lines do commonly depend on the 
ſhadow of the axis, but the parallels of the Signes, and 
of the length of the day, the houre-lines from Sun tiſing 
and Sun ſetting, with many others, depend on.che ſhadow of 
the top of the ſtyle, or ſome one point in the axis, which here 
ſignifierh the center of the world, and is repreſented by che 
point B. And theſe lines ſo depending, are then only vſeful 
when they fall bet weene the two tropiques, and within the 
horizon. a 727 18 

There may be ſeuerall horixontall lines drawne vpon e- 
wery plane, as I ſhewed before in finding the inclination of a 
plane; but the proper horizontal line which is here meant, 
muſt always be in the ſame plane with B che top of che ſtyleʒ 
ſo that in an horizontal plane there can be no ſuch Hort 
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166 To draw the horizentall line. 


zontall line, but in all other planes it may be found by 4 

lying the horizontall leg of the Secter vnto the top ot the 
Ale, and then working as before; and the interſection of 
this line with the meridian or ſubſtylar line, may be found 


by proportion. 


1 To find the interſeſtion of the horix on with the 
meridiann an equinoctiall plane. 


As the tangent of 45 gr. 
to the tangent of the latitude: 

So is the height of the ſtyle, | (line. 
to the diſtance between the ſtyle and the horizontal 


As in the example of the former equinoctiall plane, Pag. 
142. extend che compaſſes from the tangent ot 45 gr. vnto 
51 gr. 30 m. the tangent of the latitude, the ſame extent will 
reach in the line of numbers, from 52 the length of the ſty le 
vnto 66, and ſuch is the diſtance betweene the ſtyle and the 
horizontall line wherefore I take 66 parts out of a line of in- 
ches, and pricke them downe in the meridian line from C 
vnto H aboue the ſtyle in the vpper face, but below the ſtyle 
in the lower face ot the plane, ſo a right line drawne through 
H, paralell to the houre of 6,ſhall be che horizontall line. 


2 To find the interſectios of the horizon with the 
meridian in 4 direct polar plane, 


As the tangent of 45 gy. 
to the cotangent Ache latitude: 


So the length of the ſtyle, 
to the diftan ance between the ſtyle & the horizontal line. 


As in the example of the former polar plane, Pag. 144. ex- 
tend the compaſſes from the tangent of 45 gy. vnto rangent 
of 38 fr. zo u. the complement of the latitude, the ſame ex- 
tent will reach in the line of numbers, from 1.6 che length 

ot 


— 
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of the ſtyle, vnto 1. a8, and ſuch is the diſtance vpon the me- 
ridian berweene theſtyle and the horontall line. 

In all vpright planes, whether they be dire verticall, or 
declining,or meridian planes, the horizontall line muſt al- 
wayes be drawne through A the foot of the ſtyle, as may ap- 

e in the examples before, Pag.102.107.116, 

And generally in all planes whatſoeuer, the horizontal line 
muſt be drawne through the interſection of the equator 
with the houre of 6. Or if that interſection fall without the 
plane, yet if any arks of the length of the day be drawne on 
the plane, the horizontall line may be drawne through their 
interſections, with the houres of the Suns riſing or ſetting. 


CHAP. XIX. 


To deſcribe the verticall circles in the 
former Planes. 


T= vertical circles commonly called Azimuths,are great 

circles drawne wy the zenith , by which we may 
know in what part of the heauen the Sunne is, how far from 
the Eaſt or Weſt, and how neare vnto the meridian. 


In all vpright planes, whether they be direct vertical or 


clog or meridian planes, the ſemidiamerer of the ho- 
rizon wi 


ſtyle, and theſe Azimuchs will be parallels one to the other, 
and the diſtance of each Azimuth, from the foote of the ſtyle 
ypon the horizontall line, may be found in this man- 


ner. 
Conſider the length of the ſtyle in inches and of in- 


chet, and the diſtance of each Azimuth from the ſtyle, accor- 
ding to the angle at the zenith in degrees and minutes. 


the of 43 £7 


be the ſame with 4 B the perpendicular ſide of the. © 
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168 The deſcription of the common Azimuths, 


So the length of the ſtyle, : 
to the length of the horizontall line between the. ſtyle 
and the azimuth. 


As if it wererequired to draw the common azimuths on 
the South face of the verticall plane before deſcribed, where 
A the length of the ſtyle may be ſuppoſed to be. 10 inches. 
Here the plane hauing no declination, the ſtyle is in the 
plane of the meridian , and ſo pointeth directly into the 
South. The point of $6 E is 11 fr. ig N. diſtant from the ſtyle, 
and SS E gr. 30 m. and the reſt in their order: wherefore 
extend the compalles fromthe tangent of 45 gr. vnto 10 in 
the line of numbers, the ſame extent will reach fromThe 

tangent 


pen al vertical! plane. 


tangent of 11 gr.15 w.vnto 1,99 in 
the line of numbers for the length 
of the „ line, betweene the 
ſtyle and the point SE, and from 
the tangent of 22 fr. 30 mn. vnto 4.14 
for S SE, and ſo tor the reſt, as in 
this Table. 

In like maner in the firſt example 
of the declining plane, where the 
ſtyle ſtandeth according to the de- 
clination 24 gr. 20 m. diſtant from 
the South toward the Weſt , The 
next point of & is but 13 gr. 5 *. 
diſtant from the ſtylezand the ſecond 
of SSM onely1 gr.50 . and the 
third of SS is againe 9gr.25 mn 
and the reſt in their order. Where- 
forc hauing before found the length 
of the ſtyle to be 6 inches 80 parts, 
extend the compaſſes from the tan- 

ent of 45 gr. vnto 6. 80 parts in 
the line ot numbers, the ſame extent 
wil reach from the —— of 24 gy. 
20 mn. vnto 3.07 in the line of num- 
bers ſor the length of the tangent 
line between the ſtyle & the South, 
and from the tangent of 13 gr. 5 . 
vnto 1.58 for the point of Si and 
ſo for the reſt, as in this Table. 

That done, if you take theſe parts 
out of a line of inches, and pricke 
them downe in the horizontall line 
on either ſide of the ſtyle, drawing 
right lines perpendicular to the ho- 


Ae 
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SEbE 80 35/41 00 
SE 69 2018 03 
SE bS58 510 91 
SSE 46 50 7 25 
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Wb N 55/29 26 
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rizon through theſe interſections, but ſo as they may be 
contained betweene the horizontall and the tropiques, tlie 
lines ſo drawne ſhall be the aimuths required. 
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In an horizontall plane theſe azimarhs are drawne more 
eaſily. For here the perpendicular (ide of the ſtyle is the ſame 
with the axis of the hurizon, and the ſoote of the ſtyle is the 

*yerticall point, in which all the azimuch lines doe meete as 
their circles do in the zenith: wherefore let any circle deſcri- 
bed on the center A, at the foote of the ſtyle, be diuided firſt 
into foure parts, beginning at the meridian, and then each 

uarter ſubdiuided either into eight equall parts, accor- 
* to the points of the Mariners compaſle,or into go gr.ac- 
cording to the Aſtronomical diuifion;if you draw riglit lines 
through the center and theſe diviſions, che lines ſo crawne 
ſhall be the azimuths required. 

In all other planes inclining to the horizon, theſe vertical 
circles will meete in a point, but that verricall point being 
more or leſſe diſtant. from the foote of the ſtyle, the angles 
at this point will be vnequall. | 


1 To find the diſtance between the foote of the ſtyle 
and the verticall point, 


The verticall point wherein all the verticall lines do meet, 
will be alwayes in the meridian, directly vnder or ouer the 
top of the le, and the angle betweene the perpendicular 
lide of the ſtyle and the verricall line, will be equall to the in- 
clination of the plane to the horizon, Wherefore 


As the tangent of 45 gr. 
to the tangent of he inclination of the plane: 
So is the length of the ſtyle, 
to the diftance betweene the foqte of the ſtyle and 
the verticall point, 


Thus in the firſt exaple of the declining inclining planes, 
where the vpper face of the plane looking Southweſt, the 
declination was 24 gr.20 n. the inclination 36 grz and you 
may ſuppoſe AB the length of the ſtyle to be 6 inches: it 
vou extend the compaſſes from the tangent of 45 gr. _ 

| t 


of num 
tweene A the foote of the ſtyle and V rhe verticall pdinr, 


vpen an inclining plane, 
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the — of 36 gr. theſame extent will reach in the line 


ers from 6,00 vnto 4.36, for the diſtance be- 


2 To find the diſtance between the foote of the ſiyle 
; and the horizontal line. 
As the tangent of the inclination of the plane, 
is to the tangent of 45 gr. 
So the length of the ſtyle, 
to the diſtance berweene the foote of rhe ſtyle and 
the horizontall line. 
So the ſame extent of the compaſſes as before, wil reach in 


the line of numbers from 6.00 vnto 8.26 for the diſtance AH 
y 2 be- 


ct S. 


172 The deſcription of the azimuths 
berweene the foote of the ſtyle and the horizontall line, 
Then may you take 4 inches 36 cent. and pricking them 
downe from A che foot of the ſtyle vnto Yche verticall point 
in che meridian,draw tlie line TA, which being —— 
ſhall cut the horizon in the point H with right angles, and 
be that particular azimuth which is perpendicular to the 
lane. 
« Or you may take 8 inches 26 cent. and pricke them.downe 
in the former line YA produced from A ynto H, and ſo draw 
the horizontall line through H perpendicular vnto VH, 
which horizontall line being produced wil croſſe the equa- 
tor in the ſame point wherein the equator crolleth che 
houre · line of 6,vnlelle there beſome former error. 


3 To find the angles made by the azimmth lines 
at the vertical point, 


The angles at the zenith depend on the declination of the 
plane, as in our example, where the ſtyle ſtandeth according 
to the declination 24 gr.20m. diſtant from the South toward 
the Weſt, the azinmth of rogr.from the meridian Eaſtward 
will be 34 g7-20 . the azimuth of 10 gr.Weſtward will be 
onely 14 gr-20 m. diſtant from the ſtyle, and ſo the reſt in 
their order. | | 

Or if you would rather deſcribe the common azimuths, 
the point of Sb E wil be 35 gr.35 mw. the point of Sb 13 gr. 
5 n. diſtant from che ſtyle, and ſo the reſt in their order. Then 


As the fine of go gr. 
to the coſine ot che inclination of the plane: 

So the taugen: of the angle at the zenith, 
to the rangene of the angle at the verticall point be- 
tween the line dravne through the foot ot the ſtyle 
and che azunuch required. 


Wherefore the inclination of the plane in our example 
being 36 fr. extend the compalles from the fine of go gr. vn 


to 
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tothe ſine of 54 gr. the ſame extent Al- gag. Ze. Aug Ve. 
ſhall reach in the line of tangents, «ths. Gr.” 1 Gr. M, 
from 24 fr. 20 m. vnto 20 gr.5 *. for FEN Ie i 
the angle Ha ary vertical point, be- SE 69 1065 © 
tween the line VH-drawne chrough 3 5 : 13 
A che foote of the ſtyle & the South. 7 g 45 4 
Againe, the ſam: extent will reach [pp , 3 — 4] 
from = gen of13 gr.5 . vnto South — 595 3 
10 fr. 38 m. for the angle belonging 
to 50 w, and ſo for che oi che = — | = _ — 
table. : St 5 | A — 
Theſe angles being knownezif on Bo - 25 38 
the center I at the verticall point, g 10 Nos 5$ 
you deſcribe an occult circle, and g 71 — 26 45 
therein inſcribe the chords of theſe % g 43 10'37 11 
angles from che line YH, and then |; 5 — 2548 30 
draw right lin es through the verti- t [5 40 80 48 
call point, and the termes of thoſe b N 78 - 7· 58 
chords, the lines ſo drawne ſhall be %s - 87 
the azimuths required, — _ 

The like reaſon holdeth for the drawing of the azimurhs 
vpon all other inclining planes, wheof you haue another ex- 
ample in the Diagram — to the meridian incliner, 
Pag. 126. 

r for further ſatisfactiom you niay finde where each ai. 
muth line ſhall croſſe che equator. 


As the ſine of go pr, 
to the line of a latitude: 

So the tangent of the azimuth from the meridian, - 
to the tangent ofche equaror from che meridian. 


Extend the compalles from the ſine of 90 gr. vnto theſine- 
of our latitude 51 fr. 30 m. the ſame extent will reach in the 
line af tangencs from 10 gr. vnto 7 gr. so. for the interſe- 
Aion of the equator with the azimuth of 10 gr. fronithe, 


meridian, Againe, the ſame extent will reach from 20 fr. 
V3 vnro 
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174 The deſcription of the parallels of the horizon 
vnto 15 gr.54 #.for the azimuch of 20 gr. And ſo the reft,as 
in theſe tables, 


- — 
Tr. N. Cr. i. S. cr. Al. 
16 7 %% 11 1 1 55 
10 ol15 54 22 3001 58 
22 33 45127 3) 
2 % % f e 
0 013 © 56 15149 3 
69 053 35 67 30162 
70 oss 3 78 45/75 44 
0 18, go po © 
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By which you may ſee that the azimuth go gr. diſtant from 
the meridian, which is the line of Eaſt and Weſt, will crolſe 
the equator at go gr. from the meridian in the ſame point, 
with the horizontall line and the houre of 6. And that the a- 
zimuth of 45 fr · will croſſe the equator at 38 fr. a m. from the 
meridian, that is, the line of & E will croſſe the equator at 
the houre of 9 and 28 . in the morning, and the line ot S 1 
at 2 60.3 2 m. in the afternoonezand ſo for the reſt, hereby 
you may examine your former worke. 


CHAP. XX. 


To deſeribe the parallels of the horizon 
in the former planes. 


He parallels of the horizon, commonly called Almican- 


ters, Or — of altitude (whereby we may know the 
altitude of the Sunne aboue the horizon) haue ſuch reſpect 


vnto the horizon, as the parallels of declination vnto the c- 
quator, and ſo may be deſcribed in like maner. 


In 


Up0n an horizontal plane. 175 


In an horizontall plane, theſe parallels will be perfect cir- 
cles z wherefore knowing the length of the ſtyle in inches 
and parts, and the diſtance of the parallell from the horizon 
in degtees and minutes. 


As the tangent of 45 gr. 
is to the length of the ſtyle: 

So the cotangent of the parallel, 
to the ſemidiameter of his circle. 


Thus in the example of the horizontall plane, Pag. 164. if 
AB the length of the ſtyle ſhall be 5 inches, and that it were 
requirod tofnde the ſemidiametet of the parallell of 62 gr. 
extend the compaſſes from the tangent of. 45 £7. vnto 5.00 
in che line of numbers, the ſame extent will reach ſrom the 
tangent of 28 gr. the complement of the parallel! vnto 2.63, 
— if you deſcribe a circle on the center A to the ſemi- 
diameter of 2 inches 6 cent. it ſhall be the parallell requi- 
red. 

In all vpright planes, whether they be direct verticals, or 
declining, ot meridian planes, theſe — will be conicall 
ſections, and may be drawne through their points of inter- 
ſection, with the azimuch lines, in the fame maner as the 

arallels of declination ,through their points of interſection 
with che hourc-lines. To this end you may firſt finde the 
diſtance berweene the top of the ſtyle and the azimuch; and 
then the diſtance berweene the horizon and the parallell, 
both which may be repreſented in this maner. 

On the center B and any ſemidiameter 3 V, deſcribe an 
occult arke of a circle,and therein inſcribe the chords ot tuch 

arallels of altirude as you intend to draw on the plane, ( 
ue here put them for 15.30.45 and 6ogr.) then draw 
right lines through the center and the termes of thoſe 
chords, ſo the line ; H ſhall be the horizon, and the reſt the 
lines of altitude, according to their diſtince from the ho- 


ton. 
That 
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That done, conſider your plane (which here for example is 
the South face of our vertical plane, p.168) wherein hauing 
drawne both the horizontall & verticall lines, as I ſhewed be- 
fore, firſt take out A B the length of the ſtyle, & pricke that 
downe in this horizontall line from B vnto Az: then take out 
all the diſtances between B the top of the ſtyle and the ſeue- 
rall points wherein the verticall lines do croſſe the horizon- 
tal, transfer them into this horizontal line BH, from the cer - 
ter B,and at the terms of theſe diſtances exect lines perpendi- 
cular to the horizon, noting them wich the number or let- 
ter of the azimuth from whence they were taken, ſo theſe 
perpendiculars ſhall repreſent thoſe azimuths, and the ſeue- 
rall diſtances betweene the horizon and the lines of altitude 
ſhall giue the like diſtances, berweene the horizontall and 
the parallels of altitude vpon the azimuchs in your planc. 
Vpon this ground it followeth, 


To 


— 
1 Tofindthe diſtance between the top of the ſtyle and the 
ſenerall poinss wherein the azimuths de crofſe 
| the horizontall linc. 


Hauing drawne rhe horizontal and azimuth lines as be- 
fore, looke into the table by which you dre them, and there 
you ſhall haue the ang les at the zenith. Then 


As the coſine of the angle at the zenith, 
is to the line ee | 
So thelength of the ityle, 


to che diſtance required, 


open 4 vertical plant. * 


4 ee 


As 
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As in our example of the verticall plane, where AB the 
length of the ſtyle was ſuppoſed to be 10 inches, extend the 
compaſſes from the line of 28 gr.45 0. (the complement of 
11 gr. ig w. the angle at the zenith, belonging to Sb E and 
S vnto the ſine of go gr, the ſame extent wil reach fron 
10.00 the length of the ſtyle, vnto 10.20 tor the diſtance be- 
tweene the top of the ſtyle and the interſection of the azi- 
muth $6 E with the horizoncall line, which diſtance may be 
called the ſecant of the azimuth, and may ſerue for the draw- 
ing of the parallell of 45 gr.from the horizon. The like reaſon 
holdeth tor the reſt of theſe diſtances here repreſented iu 
the line B H. Mm 


2 To finde the diſtance betweene the horizon 
And the parallel. 


As the tangent of 45.87: 
to the tangent ot che parallell: 
So the ſecant of rhe azimurh, 
to the diſtance required. 
As if it were required to draw the parallell of 15 gr. from 
the horizon, vpon this verticall plane; extend the compaſſes 
from the tangent of 45 gr. vnto the tangent of 15 fr. the ſame 


extent will reach in the line of numbers from 10, oo the ſe« 
cant 


vpon an inclining plane. 179 
cant of the South azimuth vnto 2.68, and therefore the di- 
ſtance berweene the horizon and the parallel! of rg gr. is 2 
inches 68 ccot.vpon the South azimuth. Againe, the ſame 
extent will reach from 10.20 the ſecant of & E vnto 2,73 
for the like diſtance belonging to Sb E and S; and ſo for 
the reſt, which may be gathered and ſer downe in the ta- 
ble. 

That done, and the horizon and aimuths being drawne, 

icke downe 10 inches from the horizoncall line ypon the 

ouch azimurh,& 10 inches 20 cet. on the azimuths of Sꝰ 
and S, and io inches $2 cent, on the azimuchs of SS E 
and SS, and 12 inches 3 cent. on the aʒimuth of SEI and 
Suls, and ſo the reſt of theſe diſtances on their ſeuerall a- 
zimuchs: then if you draw a crooked line through all theſe 
points, that may make no angles, the line ſo drawne ſhall be 
the parallell of 45 gr. from the horizon. In like maner may 
you draw the parallell of 15 gr. or any other parallell of alti- 
rude any verricall plane. 

If che plane incline to the horizon, after we haue found 
the verticall point, and drawne the horizontall line, we are 
farther to finde the length of the axis of the horizon, then 
the angles berwixe this axis and the azimuth lines, and fo 
the ſeuerall diſtances berw:ene the parallels and the ver- 
ticall point, all which may be repreſented in this man- 
ner. 

Oa the center I, and any ſemidiameter, deſcribe an oc- 
cult quadrat of a circle , and therein inſeribe the chords of 
ſuch parallels of altitude as you intend to draw on the plane, 
drawing right lines through the center and the termes of 
theſe chords, ſo the line B H ſhall be the horizon, and his 

dicular B the axis of the horizon, and the reſt the 
hace altitude, according to their diſtance from the ho- 
rizon, 

That done, conſider your plane, which here for example 
is the firſt of our three declining mclining planes, wherein 
having drawne both the horzontall and verticall lines as I 
ſhewel before, firſt take out the axis of the horizon, which 
Z Z 8 


180 To draw tlie parallelt of the borixon 


HG 


* 


7 


is the line between the top of the ſtyle and V the verticall 
point, and pricke that downe in this figure from vnto /; 
then take out both the line M and all the reſt of the diſtan- 
ces between V che verticall point and the ſeuerall points 
wherein the verticall lines doe crolle the horizontall line of 
this figure, from the point V, noting the place where they 
croſſe the horizontall line with the number or letter of the 
azimuth from whence they were taken, and drawing the azi- 
muth lines from through the lines of altitude. 

Or hauing the Setter you may draw an occult line E per- 
pendicular to the axis V, and therein prick downe the tan- 
gent of the complement of the inclination of the plane 
trom F vnto E: then draw the line E F parallell to the axis, 
croſſing the line V produced in the point E, fo this line 
E F will be as the line of ſines ypon the Secter, and therein 
you may pricke downe the fines of the complement of the 
angles at the zenith from E towards F,and draw the verticall 
lines by thoſe points through the lines of altitude, ſo the 

les at V, berweene the axis V B and thoſe azimurh lines, 
440 de the angles berweene the axis of the horizon and the 


azunuch 


—————B——— conan 


— — — 


pen an inclining plane. —_ 
azimuth lines on your plane, and the ſcuerall diftances be- | 
tween the point V and the lines of altitude, ſhall giue the 
like diſtances betweene the verticall point and the parallels | 
of — vpon the azimuths in your plane, Vpon this il 
ground it followeth, 


1 To find the length of the axis of the horizon. W 


The verticall point is alwayes either directly ouer or vn- 
der the top of the ſtyle, and the diſtance berweene them is l 
that which I call the axis of the hotizon, which may thus be ; 
found, 


As the coſine of the inclination, 
to the (ine of go gr. 
So the length of the ſtyle, 


to the length of the axis of the horizon. : | a ; 


| 
For exaruple in the firſt of the three declining inclining il 
planes, the inclination to the horizon is 36 gr. the length of i 
the ſtyle 4 B ſix inches, extend the compelle from the line / [ 
of 5 4 gr. the complement of the inclination vnto the line of | 
90 gr. the ſame extent wil reach in the line of numbers from » 
6.00 vnto 7. 42, & ſuch is VB the length of the axis required. | 


2 To find the angles contained berween the horizon and 1 


the vertical lines pon your plane. | ' f 
'' 
The angles at the vertical point betweene the axis of the 4 
horizon and the azimuth lines vpon your plane are repre- . 
ſented in this figure by thoſe at V, berweene VB and the } - 
azimuths, The angles betweene the horizon and the azi-» - 1 
muth lines being complements to the former, are repreſen- 11 
ted either by thoſe which are made by VE or by B H, and 8 
the azimuth lines which are drawne from V. : s © 
That you may find them, looke into the Table, by which; 1 


you drew the azimuth lines, there ſhall you finde the angles, 
at che zenith. Then 120 7 5 b * ; 
3 2 i : a 
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NN 2 


— 
As the ſine of go gr. 
to the coſine of the angle at the zenith: 
So the tangent ofthe inclination to the horizon, 


to the tangent of the angle berweene the horizon 
and the verticall line. 


In our example where the inclination to the horizon is 
36 fr. and the angle at the zenich berweene the azimuth at 
the ſtyle and the meridian, is according to the declination 
24 £7.20 w, extend the compaſſes from the fine of go gr vnto 
the tangent of 36 gr. the ſame extent wil reach from the ſine 
of 6g gr. o. the complement of the angle at the zenith, vn- 
to the rangent of 33 gr. 30 w, for the angle contained be- 

eween 


— 


pen an inolining plane. 183 
een the horizon and the South part of the meridian line. 
Again, the ſame extent wil reach fro the coline of $ $7.35 ms. 
the angle at the zenith belonging to Sb E vnto the tanvene . 
of 30 gr 3 w. for the angle betweene the horizon an the 1 
azimuth line of $6 E. The like reaſon holdeth for the reſt, 

which may be found and ſer downe in the Table. 


2 25 #1 20 97013 61 8 99 
46 26 2516 6811 co 8 317 
30 3514 38010 


6 3 
SbE |3y 35560 3 
oy: 24 20]20 $33 3013 44/10 32] 7 66 


bw i 310 3935 17.12 84/0 of 7 55 


1 gol r 2935 $912 62 29079 
2. | © 0/36 » 619 90 747) 5 
Whs| 9 7 3835 3712 74/9 96 7 50 
W 120 40/116 5834 1213 20010 20 
SW 
WSW 143 1037 1127 3815 88511 ” 
bS 54 2548 30,22 5519 05/12 9 
Weſf 


5 30860 481/16 40 25 87% 51] 9 60 

5573 58| 9 2045 75/20 641 32 6 
WHNu\88 1087 44| 1 201 8+ 33 2714 18 7 25 } 
N 29 25101 35 6 47 loh- 92 40.19 60 8 I 
to 401 ot 23 nit, 22 44/10 3 i. 


Then may you either dra theſe angles at V in the former 
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figure more perfectly, and thence finiſh your worke, or elſe f 
To | 


proceed. 


184 The deſcription of the pavaltels of the horizon 


3 To find the diſtance between the vertical point 
and the parallels of the horizon. 


— — ' 


Theſe diſtances may be found by reſoluing the triangles 
in the laſt Figure made by the axis, the lines of altitude, and 
the azimuth lines. For hauing the length of che axis and the 
angles at the horizon, if you adde 4 of the parallel 
from the horizon vnto the angle at the horizon, you ſhall 
haue the angle at the parallell. Then 


As the fine of the ang le at the parallel l, 
to the coſine of the altitude: 
Sothe length of the axis, 


to the diſtance betweene the verticall point and tlie 
parallel. 


Thus in our example if it were required to finde the di- 
ſtance vpon the ſtylar azimuth VH, betweene the verticall 
point and the horizon,you haue the rectangle triangle VBN, 
wherein the angle at the horizon here repreſe — | BHV 
is (equall to the inclination of the pline) 36 r. and B V the 
axis of the horizon betweene the plane and the top of the 
ſtyle, is 7 inches 42 cent. Wherefore extend the compalles 
from the ſine of 36 gr. vutothe line of go gr. tlie complement 
of the altitude, the ſame extent will reach in the line of num- 
bers from 7.42 vnto 12.62, and ſuch is the diſtance of the 

dicular azumuch line V H bet eenthe verticall point 
and tlie horizon. 

In lixe maner if you would find che diſtance vpon the me- 
ridian between the verticall point and the horizon, extend 
the compalles from the ſine· of 33 gr. 30 . the angle at the 
horizon, to the (ine of go gr. the tame extent will reach in 
the line of numbers from 7:42-vnto 143.44,and ſuch is Va the 
diſtauce berweene the verticall point and the horizon — 


— of the South azimuth, that js, ypon the meri 
© 


1411 


But 
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Bur if you would find the diſtance vpon the meridian be- 
tweene the verticall point and any other parallel! of the ho- 
rix on, as vpe the parallell of 26 gr. 34 wv. then adde theſe 26 
2. ya 33 £7.30 w.the angle at the horizon, ſo ſhall 
you haue 6 gr.4 wor BDV the angle ac the parallell. And 
if you extend the compaſſes from the fine of 60 gr.4 m.vnco 


the fine of 63 uw », the complement of the ell from 


the harizon, the ſame extent will reach in the line of num- 
bers from 5.42 the length of the axis,vnto . 66, and ſuch is 
the diſtance VD between the verticall point and the l 
of 26 gr. 34 w.vp0 the meridian line. The like reaſon 
for all thereſt, which may be gathered & ſer down in table. 
That done, and the horizon drawne as before, if you would 
draw the parallel of 26 gr. 34 w.from the horizon,looke into 
the table, and there finding vnder the title of the parallel of 
26, 34, the diſtance on y South azimuth line to be 7.66, take 
7 — 66 cent. out of a line of inches, and prick them down 
on the meridian of your plane, from the verticall point at F. 
Or if eicher the vercicall point fall without your plane, or 
the extent at any time be too large for your compaſſes, you 
may pricke downe the diſtance berweene the horiton and 
the parallel. As here the diſtance berweene the vertical point 
and the parallell is 7,66, betweene the verticall point and 
the horizon 13.44 ,the difference between them 5.78 is the 


diſtance fr6 the horizon to the which being pricked 
downe vpon the meridian, ſhall giue the ſame interſection 
as befere. And the like reaſon, holdeth for the pricking down 


the reſt of theſe diſtances on their ſeuerall azimuchs, 

Hauing the points of interſection berweene the azimuths 
and the parallell, you may ioyne chem all in a crooked line 
without making of angles, the line ſo drawne ſhall be the pa- 
rallell required. And vpon this ground it followeth, 


To deſcribe ſuch parallels on the former plants as may ſbey 


the properiion of the ſhadow vnto the gnomon. 
The proportion of a mans ſhadow vnto his height, er o- 
aa ther 
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ther ſhadow to his gnomon ſer perpendicular to the hbri- 


zon, may be ſhewed by parallels co the horizon , if they be 
drawne to a due altitude, which may thus be found: 


As the length of the ſhadow,to the length of the gnomon: 
So the tangent of 45 gr. to the tangent of the altitude. 


As if it were required to finde the altitude of the Sunne 
when the ſhadow of a man ſhall be decuple to his height, ex- 
tend the compaſſes from 10 vnto 1 in the line of numbers, 
the ſame extent will reach in the tangent of 45 gr. vnto the 
_ of 5 gr.42 w; which ſhewes that when the Sun com- 


meth to the altitude of 5 gr.42 _ ſhadow, a leuell 
E as your hei 


round, will be ten times as m t. In the 

ame maner you may finde that at 7 gr. y m. of altitude your 
ſhadow wil be octuple, at 9 gr. a . extuple, at 11 gr. 18 mw. 
quintuple, at 14gy.2 . quadruple, at 18 gr.26 m. triple, at 
26 gr. 34. double to your height, at 33 fr. 41 . as 3 vnto 2, 
at 36 gr. 52 99.25 vnto 3, at 38 fr. 40 *. as 5 vnto 4, at 45 fr. 
— 51 gr. 20 . as 4 vnto 5, at 33 fr. N vnto 4, at 
56 fr. 19. as 2 vnto 3, at 39 fr. 2 . as 3 vnto , at C gr. 26 wm, 
as 1 vnto 2, &c. 


If chen you draw a parallell to the horizon at 5 gr. 42 av. 


another at 7 gr.7 . and ſo the reſt, when the ſhadow of the 


ſtyle falleth on the parallell, you haue the _—_ and 
thereby — you know the ſnado w by the height, and the 
height by the ſhadow,whereof you haue examples Pag. 126. 
and 137. 
might here proceed to ſhew the deſcription of the cit- 
tles of — the Signes of 2 the meridian, 
the Signes aſcending and deſcending , with fuch other 
gnomonicall concluſions; but theſe would proue ſuperflu« 
ous to ſuch as vnderſtand the doctrine of the dphereʒ and for 
others, that which is deliuered may ſuffiſe for ordinary vſe, it 
being my intention not ſo much to explane the full vſe of 
ſhadowes(whereof I haue lately Þiuen a large example in an 
other place) asche vſe of theſe liues of proportion, that were 
not extant heretofore. 
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An Appendix concerning 
The deſcription and vſe of a ſmall 


Quadrant, for the more eaſie finding of 
the houre and Azimuth. 


CHAP. I. 
Of the deſcription of the Quadrant. 


Auing deſcribedtheſe ſtanding planes, I will now ſhew 
the moſt of theſe concluſions by a ſmall Quadrant. This 
might be done generally for all latitudes, by a quarter of the 


gencrall Aſtrolabe, deſcribed before in the vſe of the Seer, * 


pag. 58 and particularly for any one latitude, by a quarter of 
the — Ahore allo e which 
if ic be a ſoote ſe midiameter, may ſhew the azimuth vnto a 
degree, and the time of the day vnto a minure; but for ordi- 
nary vie this ſmaller Quadrant may ſuffice, which may be 
made portable in this maner. 

1 Vpon the center A, and ſemidiameter 4 B,deſcribe the 
arke I C : the ſame ſemidiameter will ſet of 66 gr. and the 
halfe of that will be 30 gr. which being added to the former 
60 gr. will make the arke BC to be go gr. the fourth part of 
the whole circle , and thence comes — of a Q- 
dranr. ' : | 

2 Leaving ſome little ſpace for the inſcription of the 
moneths and — on the ſame center 2 — 
ter AT, deſcribe the arke TD, which ſhall ſerue for either 
tropique. | : ; 

3 Dividetheline AT inthe point E, in ſuch propor- 
tion, as that A T being 10000, A Z may be 65356, nd there 
draw another arke E F, which ſhall ſerue for the Equa- 


Tn Diuide AF the ſemidiameter of the equator. in the 


int C, ſoas A F being 10000, che line FG may be 4343 
n 'S - - aa2 * *; — 
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and cn. che center G and ſemidiamerer J N deſcribe the abe 
ZD,which ſhall ſerue for a fourth part of che ecliprique, 
„ This parc ofthe ecliptique may be dinided int three 


Signes, 


Theecliptique and line of declination. 


—— — — — — — —— 
U 


Signet, and each Signe into 30 4 Lade ot tight Alcenions. 


— — — ᷣ — — 


g. by a table of right aſcenſions, 


made as before pag.6o. As the O Nr NG 
right aſcenſion of the firſt point | 0 f 34 — 2 


v being 27 fr. 54 w. you may 


lay a ruler to the center A & 275 | 5| $ 3532 5750 


27-54 m.in the Quadrant Ic, the 10 9 1137 
point where the ruler crofſech fl 6/13 45/42 
the Ecliptique, (hall be che firſt 18 2747 


point of v. In like maner the 223 953 
right aſcenſion of the firſt point [30127 54 57 
of being 57 £7.48 wv. if you lay a ruler to the 
center 4, and 57 gr. 48 w. in the quadrant, the 
int where the ruler croflech che ediprique, 
be the firſt point of x. And fo for the reſt:bur 
the lines of diſtin tion between Signe & Signe, 
may be beſt drawne from the center G. 
6 The line E F betweene the equator and 
the cropique,which I call the line of doclinacion, 
may be diuided into 23 gr. x out of this Table. 
For let A E the ſemidiameter of the equatar be 
10000, the diſtance derweene the equator and 


io gr. of decimation may be 1917 mare z be- 


twoen the equator and 20 gr 4281; che diſtance 
of che tropique from che equator 3252. 

7 Jou may put in the moſt of the principall 
ſtarres berweene the equatot and the tropique 
of &, by their deolination ſrom the cquarac, aud 
right aſcennion from che mextequinctial point. 
Asche dechurtion of the wing , being 
br Log . che i 


and x gr. 16 *. in rhequadranc C, che point 
ve wh ruler eroſſech the parallell ſhall be che 


place for the wing of Peg u, ro which you may 
24 3 ſet 


aſoenſion 358 gr. 4 . rom 
jor us. ort at it. It you s 
ghizgrg v. ot de- 


arſt point 
— > 0D ceucer 4 


ns 
4 

* : 
* i 
© 4 
= 


— 


— — 
- 


the. 


2. ͤK—„Vt' eerwwa—_ 
a — —— — Pas A a4 at 
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ſer the name and the time when he cometh to che South, 
in this maner, *. Peg. 23 He, 54 M. and ſo for the reſt of 
theſe ſiue, or any other ſtarres. 


13 58129 37/21 10 
'9 4832 58/13 45 
4 15163 33/I5 4 
* 119 33166 36 7 58 


$ Therebeing ſpaceſufficient berween the equator and 
the center, you may there deſcribe the quadrat, and diuide 
each of the two ſides fartheſt fro the center A into 100 parts, 
ſo ſhall the Quadrant be prepared generally for any latitude, 

But before you draw the particular lines, you are to fi 
foure tables vnto your latitude. 

Firſt a table of meridian altitudes for diu iſion of the circle 
of dayes and moneths, which may be thus made: Conſider 
the laticude of the place and the declination of the Sun for 
each day of the yeare. If the latitude and declination be alike 
both North or both South, ad the declinatiõ to the comple- 
ment of the latirude; if they be vnlike, one North, and the o- 
ther South, ſubſtract the declination from the complement 
of the latitude, the remainder will be the meridian altitude 
belonging vnto the day. 

Thus in our latitude of 531 gr. 30 m. Northward , whoſe 
complement is 38 fr. 30. the declination vpon the tenth 
day of Tune will be 23 fr. 30. Northward, wherefore I adde 
23 £7.30 mm. vnto 38 gr. 30m. the ſumme of both is 62 gy, for 
the meridian altitude at the tenth of June. The declina- 
tion vpon the tenth of December will be 23 gr,30 *. South- 
ward, wherefors I take theſe 23 gr. 30 m. out of 38 fr. 30. 
there wil remain 13 gr. forthe meridian altitude at the tenth 
of December; and in er you may find the meridian 
——_—_—_— e yeare, and ſet them downe ina 


The 


39/39 3337 


pt 43 2647 

Haber 31 46/29 53/38 3126 
onember|21 12:19 5113 39117 
Decewber"rs 2815 715 ons 


The Table being made , you may inſcribe the moneths,, 
and dayes of each moneth into your quadrant, in theſpace 
left below the cropique. For lay the rulet vnto the center A, 


and 16 fr. 31 m. in the quadrant BC, there may you draw a 


line forthe end of December and beginning of Ianuaryz 
then laying your ruler to the center A, and 24 gr. 17 wv. in 
the quadrant, there draw the end of Tanuary and beginnin 
of February, and ſo the reſt, which may be noted wit 
J. E, u, 4, Al, I, &c. the firſt letters of each moneth, and wil 
here fall berwegne 15 gr. and Gt gr; 

The ſecond Table which you are to fir, may ſerue for the 
drawing and diuiding of the horizon . For drawing of the 
horizon. 

As the cotangent of the latitude, 
to the tangent of che greateſt declination: 
So the fine ot go gr. 
to the line of interſection, where the horizon ſhall 
croſſe the tropiques. 


So in our latirude of 3 gr. 30 m:we ſhall find the horiaon 
to cut the tropique in Been 
cr. 


— 
No 
On 
MNo 
No 
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ler to the center A, and 33 15 ».in the quadrant, the point 
where the ruler crolſeth the tropique ſhall be the point 
where the horizon croſſeth the tropique. And if you finde a 
point at I, in the line AC, whercon ſetting the compaſſes, 
you may bring the point at E, and this — the tropique 
both into a circle, the point # ſhall be the center, and the ark 
ſo drawne hall be the horizon. Then tor the diuiſion of this 
herizon. 
As the fine of go gr. 
to the line of the latitude: 
So the tangent of the horizon, 
to the rangent of the arke in the quadrant, which 


ſhall diuide che horizon, 


So in our latitude of 31 gr.z0 m. we ſhall finde 7gr.s 2 w. 
belonging to 10 gr. in the horizon, and 15 gr.54 . belong- 
ing to 20 gr. And ſo the reſt, as in this Table. 


Ho Gr, M Ho Gr, MHo|Gr. M 907 MiHoſGr, Ie Gr, I 
4 


922 51 30 24 I 38 2/60/53 357571 5 
25 110 [39 ] [54 41 [72 19 

«4 J f 4s 73 33/ 

26 57] 47 0 |56 $6 [74 48 

: 23 os 94555 1380 18 
ADN 


| 


E 


2 51/30 24 19 


—_— 


Where 


— Ken nn 


x 
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Wherefore you may lay the ruler tothe center 4, and 
7 gr. 2 m.in the quadrant B C, the point where the ruler 
croſſeth the horizon ſhall be 10 gr. in the horizon ; and ſo 
for the reſt: but the lines of diſtinction between each fift de- 
gree, will be beſt drawnefrom the center H. 


The third Table for drawing of the houre- lines, muſt be 

a Table of the altitude of the Sunne aboue the horizon at e- 

uery houre, eſpecially when he cometh to the equator, the 
tropiques, and ſome other intermediate declinations. 

If che Sunne be in the equator, and ſo haue no declination. 


As the (inc of go gr. 
to the coſine of the latitude: 

So the coſine of the houre from the meridian, 
to the line of the altitude. 


Thus in our latitude of 51 gr. 30 m. at ſix houres from the 
meridian the Sunne wil haue no altitude, at fiue the altitude 


will be 9 gr. 17 mv; at foure 18 gr. 8 n at three 26 gr. 7 at 


two 32 fr. 37 w. at one 36 fr. 3 m; at noone it will be 38 gr, 
30 m. equall to the complement of the latitude. 

If the Sunne haue declination, the meridian altitude wil 
be found as before, for the Table of dayes and moneths. 

If che houre propoſed be fix in che morning or ſix at 


night. 
As the fine of 9o gr. 
to the ſine of latitude: 
So the ſine of the declination, 
to the line of the altitude. 


Thus in our latitude the declination of the Sunne being 
2327-30 m. the altitude will be found to be 18 gr. ii : the 
declination being 11 gr. 30 w. the altitude will be ꝙ gr, 

If the hourapropoled be neither twelue nor lix. 


As the coſine of the houre from the meridiau, 
to the line of go gr. Th : 
0 


4. 
1 


= 
No 
On 
MN 
No 
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So the tangent of the latitude, 
to the tangent of a fourth arke. 


So in our latitude and one houre from the meridian, this 
fourth ark will be found to be 32 gr.28 w. at two gg gr. 26 m, 
at three 60 gr. 39 m. at foure 68 gr. 22 m, and at fue houres 
from the meridian 8 gr.2 2 *. 

Then conſider the declination of che Sunne and the houre 
propoſed z if the latitude and declination be both alike, as 
with vs in North latitude, North declination, and the houre 
fall between noone and fix, take the declination out of the 
fourth arke, che remainer ſhall be your fift arke. 

But if either the houre fall between ſix and midnight, or 
the latitude and declination ſhall be vnlike, adde the decli- 
nation vnto the fourth arke, and the ſumme of both ſhall be. 
your fifth arke: or if the ſumme ſhall exceed go gr. you may 
take the complement vnto 180 fr. This fifth arke being 
knowne ; 


As the ſine of the fourth arke, 
to the line of the latitude: 

So the coſine of the fift arke, 
to the line of the altitude. 


Thus in our latitude of 51 gr. 30 m.Northward,the Sunne 
hauing 23 gr.30 m. of North declination, if it ſhall be requi- 
red to finde the altitude of the dunne for ſeuen in the mor- 
ning; here becauſe the latitude and declinarion are both a- 
like to the Northward , andthe houre propoſed falleth be- 
eweene noone and fix, you may take 23 gr. zo n. the arke of 
the declination out of 78 gra w.che fourth arke belonging 
to the fift houre from the meridian , ſ@ there will remaine 
54 £7-52 m.for your fift arke. Then working according to the 
Canon, you ſhall find, 


As the fine of 28 gr. 22 your fourth arke, 
- Fothelineof 51 . og for the latirude: . 
| | 0 
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So the line of 35 gr. 8 a. the cõplement of your fift ark, 
to the line ot 27 fr. i u. the altitude required. 


If in the ſame latitude and declination, it were required 
to finde the altitude for fiue in the morning, here the houre 
falling betweene ſix and midnight; i you adde 23 fr. 30 a. 
vnto 78 gr. 22 . the ſumme will be 1 01 fr. 32 w. and the 
complement to 180 fr. will be 78 gr. 8 . for your fitth arke. 
Wherefore . 


As the ſine of 72 gr 22 w, 
to the fine of 31 gr. 30 m. 
So the coline of 28 gr 8 m. 
to the line of 9 gr. 32 m.for the altitude required. 


If in the ſame latitude of 51 gr.30 m. Northward, the 
Sunne hauing 23 fr. 30 #,of South declination, it were re- 
uired the altitude for nine in the morning; here becauſe 
S latirude and declination are vnlike, the one North, and 
the other South, you may adde 23 gr.30 w.the arke of decli- 
nation, vnto 60 gr. 39 w. the fourth arke belonging to the 
third houre from the meridian, ſo ſhall you haue 84 gr.g #n 
for your fift arke. Wherefore 


As the ſine of 60 gr. 39 . 
to the fincof 51 gr. 30 w. 
So the coline of 84 gr.9 w. 
to the line of 5 gr: 15 w.for the altitude required, 


And ſo by one or other of theſe meanes you may finde 
the altitude of the Sunne for any point of the ecliprique at 
wes = of the day and ſet them downe in ſuch a Table 
wehis/f 2/5 ws 02.5 CE; 
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A Table for the altitude of the Sunne in the beginning 
of each Signe at all bowres of the day, calcula- 
tea 2 Fl gr. zo mof North latitudc. 


——— — 


e 
1 M.|Gr. . Or. M. Gt. MI Ar. I Gr, Fi. It. N. 
— — — — — — — — — ä l 
} 12 62 58 4250 0038 30/27 018 1815 © 
11 1/59 4356 3448 12136 5825 4017 613 52 
10 53 45/59 $5;43 12132 37/21 5113 3810 30 
9 3145 4243 6136 0126 7li5 58 8 12) 5 49 
8 436 4134 13/327 3018 88 33] 1 15 
7 $127 17,24 5618 180 17/0 6 
6 
5 
L- 


»w 
A 


18 1115 40 © © 
71932 6 50 | 11 37 
86 x 32 21 40 


Laſtly, you may finde what declination the Sunne hath 
when he riſeth or ſetteth at any houre. 


As the ſine of go gr. 

to the ſine of the houre from (ix: 
So the cotangent of the latitude, 

to the tangent of the declination. 


And fo inthe latitude of gx gr. 30 m. you ſhall finde that 
when the Sun riſeth, either at fue in the Summer, or ſeuen 
in the Winter, his declination is 12 gr, 37 ms: when he riſeth 
at foure in the Summer, or eight in the Winter, his declina- 
tion is 21 gr.40 w.which may be alſo ſer downe in the Table. 

That done, you may there ſee that in this latitude the me- 
ridian altitude of the Sunne in the beginning of & is 62 gr, 
in 5 gr. A1 *. in d 50 gr. in V 38 fr. 30 . &c. But che 
beginning of S and is repreſented by the tropiques TD, 
drawne at 23 fr. 30 n. of declination, and the beginning of 
and by che equator E F. If you draw an occult ell 
berweene the equater and the tropique, at 21 gr. 30 *. of de- 


2 ; on, 


4 
* 
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clination, it ſhall repreſent the beginning of d, r, m, and X, 
if you draw another occult jparallell though 20 gr.12 w.of 
declination, it ſhall repreſenc the — of r, NMI, and a.. 


Then you may lay a ruler to the center 4, and 62 fr. in the 
quadrant BC, and note the point where it croſſeth the tro- 
pique of S; then moue the ruler to 38 fr. 52. ind note 
where it croſſeth the parallell of æ; then to go gr. and note 
where it croſſeth the parallell of 5;and againe to 38 gr. 30 m. 
noting where it crofleth the equator fo the line drawne 
through theſe points ſhall ſhew the houre of 12 in the Sum- 
mer, while the Sunne is in V, ,, G, N, or np. In like maner 
if you lay the ruler to the center HH and 27 gr. in the qua- 
drant, and note the point where it croſſeth the parallel of x, 
then moue it to 18 gr. 18 . and note where it croſſeth the 
| parallellofzz and againe to 15 gr. noting where it croſſeth 

the tropique of W; the line drawne through theſe points 

ſhall ſhew the houre of 12 in the Wincer,while the Sunne is 
in , m, 7, e & x, and ſo may you draw the reſt of theſe 
houre- lines: onely that of y from the meridian in the Sum- 
mer, and 5 in the Winter, will croſſe the line of declination 
at 11 fr. 37 m. and that of 8 in the Summer, and 4 in the 
Winter at 21 fr. 40 m. 


The fourth table for drawing of the azimuth lines, muſt 
likewiſe be fitted for the altitude of the Sunne aboue the ho- 
rizon at euery azimuth,eſpecially when he cometh to the e- 
quatox, the tropiques, and ſome other intermediat declina- 
tions. 

M the Sunne be in the equator, and ſo haue no declina- 
tion: 
As the ſine of gogr. 0 g 
to the coſine ot the azimuch from the meridian; 
So the corangent of the lat itude, 
to the tangent of che altitude at the equator. 


Thus in our layrude of 51 fr. 30 w. at 90 gr. from the me- 


ridian, the Sunne dull haue no altitude ʒat 80 gr. che altitude 
bb 3 will 


cx ST. 
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villbe7 gr.52 m; at v0 gr. it will be 15 gr. 30 m3; at Go gr. it 
vil be 21 gr.41 ww. 

If the Sunne haue declination, the meridian altitude will 
be eaſily found as betore, for the table for dayes and moneths. 
And forall other azimuchs. 


As the fine of the latitude, 
to the fine of the declination: 

So the coſine of the altitude at the equator, 
to the ſine of a fourth arke. 


When the latitude and declip ation are both alike in all a- 
zimuths from the prime verticall vnto the meridian, adde 
this fourch arke vnto the arke of altitude at the equator. 

When the latitude and declination are both ik e, and the 
azimuth more then go gy. diſtant from the meridian, take 
the altitude at the equator out of this fourth arke. 

When the latitude and declination arc vnlike, take this 
fourth arke out of the arke of altitude at the equator, ſo ſhall 
you __ the altitude of the Sunne belonging to the azi- 
muth. 

Thus in our latitude of 31 fr. 30 . North ward, if it were 
required to finde the altitude of the Sunne in the azimuth 
of 60 gr. from the meridian, when the declination is 23 fr. 
de w.Norhward, you may finde the altitude at the equator 

elonging to mach to be 21 gr.41 m. by the former 
Canon, and by this laſt Canon you may finde the fourrh arke 
to be 28 fr. 15 ws. Then becauſe the latitude and declination 
are both alike to the Northward, if you adde them both 
together, you ſhall haue 49 gr.5 6 mv. for the altitude requi- 
re 

It the declination had been 23 gr. 30 . to the Southward, 
you ſhould then haue taken this — ark out of the ark at 


the equator, which becauſe it cannot here be done, it is a 
ſigne that the Sunne is not then aboue the horizon. But if 
vou take the arke at the equatot out of this fourth —— 
e is 


ſhall haue 6 gr. 34 as, for the altitude of the Sunne when 


in 
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in the azimuch of 60 gr.from the North, and 129 gr trom the 
Sourh part of the meridian. The like reaſon holdeth for the 
reſt of theſe altirudes, which may be garhcred and ſet down 

"7 in atable, 
Laſtly when the Sun riſeth or ſetteth vpon any azimuth, 
to find his declination, 


As the ſine of go gr, 
to the coline ot the latitude: 

So the coſine of the azimurh from the meridian, 
to the line of the declination, 


And thus in our latitude of 51 gr. 30 m. when the azimuth 
is 80 gr.from the meridian, the declination will be found to 
be6gr.12 m; if theazimuth be 0 gr. the declination will be 
found 12 — mzif so gr. then 18 gr. 8 w. And lo for the 
reſt, which may be alſo ſer downe in the Table. 


A Table for the altitude of the Sunne in the beginning 
of each Sig ne for euery tenth azimuth, in 51 gr. 
, 30 m. of North latitude. 


r 
Ar. M Gr. M|Gr. N Gr. N 
30 27 90 18175 © 
426 3017 4514 25 
46 25 016 512 41 
3422 2717 15' 9 45 
2118 48 9 14 © 34 


$13 9105 6 


4118 © 
1311 

52 
O 


cx. 


200 the inſcription of the azimuthe, -/ 
Thar done, if you would draw the line of Eaſt or Weſt, 
which is 90 gr. from the meridian, lay the ruler to the center 
d 30gr.38 w.numbred in the quadrant from C toward 
B, — note the point where ir croſſeth the tropique of 5, 
then moue the ruler to 26 gr. io . and note where it croſſeth 
the parallell of ; then to 14 gr. 45 w. and note where it 
— — the parallell of &; then to o gr. om. and you ſhall 
finde it to croſſe the equator in the point Pʒſo a line drawne 
through theſe points, ſhall ſhew the azimuth belonging to 
Eaſt and Weſt, The like reaſon holdeth for all the reſt. 
Theſe lines being thus drawne, if you ſet two ſights 
on theline AC, and hang athread and plummer orr the 
center A, with a bead vpõ the thread, the foreſide of the qua- 
drant ſhall be fully finiſhed. 
Or in ſtead of the ſiue ſtarres before mentioned, you may 
lace the Nocturnal (deſcribed before in the vic of the Se- 
Ber, 50.) on the backſide of the Quadrant, and fo alſo 
it mil bebrted both for day and night, 


( CH AP. 


The ve of the Qnadrant and of the Ecliptique. 201 
„ Of the 7026 the Quadrant in taking the altitude 


of the Sunne, Moone, and Starres. 


He Quadrant ische fourth part of a circle, diuided e- Tl 
| qualh/ into go — here numbred by 10. 20 30. Acc. 4 
vnto go gr. each degree being ſubdiuided into 4. 4 
Lift vp the center of the Quadrant, ſo as the thread with * 
the plummet may play eaſily by the ſide of it, and the Sunne | 
beames may palle 2 h both the ſighes ; ſo ſhall the de- ö 
grees cut by the ben what is the altitude at the time * 
of obſeruation, as may appeare by this example. 
Vpon the 14 day of April, about noone, the Sun-beames 
paſſing through both the ſights, the thread fell vpon 31 15 
27.20 . and this was the true meridian altitude of the Sun 7 
tor that day in this our latitude of 31 gr. 30 m. for which this i 
Quadrant was made. 7 
Againe, towards three of the clocke in the afternoone, the þ 
thread fell vpon 38 gr. 40 m. and ſuch was the Sunnes alti- 
rude at that time. L 


CHAP, III. A 
Of the Ecliptique. 1 
15 


1 The place of the Sunne being gives to finde 
N 1 right — 


13 Ecliptique is here repreſented by the arke, figured 
with the characters of the ewelue Signes, V, x, A, &c. each 
Signe being diuided vnequally into 30 gr. and they are to be 6 
reckoned ſrom the character of the Signe. 1 | [ 
Let the thread be laid on the row of the Sunne in the * 
Ecliptique, and che degrees which it cutteth in the Qua» i 


w & £7 av £ | 


dranc ſhall be the right aſcenſion required. | 
cc As ly | 
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As if the place of the Sunne given be the fourth degree 
of X, the thread laid on this degree ſhall cut 62 degrees in 
the Quadrant, which is the tight aſcenſion required. 

But if the place of the Sunne giuen be more then go gr. 
from the beginning of V, there muſt be more then 90 gr. al- 
lowed to the right aſcention;for this inſtrument is bur a qua- 
drant : and ſo ut the Sunne be in 26 gr.of S, you ſhall Fade 
the thread to fall in the {ame place, and yer the right alcen- 
fon to be 118 gr. 


2 The right aſcenſion of the Sunne beieg ginen, 
to find bis place in rhe Ecliptique, 


Let the thread be laid on the right afcenfion in the Qua- 
drant, and it ſhall croſſe the place of the Sunne in the Echp- 
tique, as may appearc in the former cxample. 


CHAP. IIII. 
Of the line of declination. 
The place of the & me ei 
ph — 


He line of declination is here drawne from the center 
to the beginning of the Quadrant, and diuided from 


che beginning of Y downward into 23 fr. 30 m. 
Let the chread be laid, and the beet fee on the place of 


Sunne in the ecliptique; then moue the thread to the line of 
declination, and there the bead ſhal fall vpon the degrees of 
the declination required. . 

As if the place of the Sunne giuen be the fourth degree 
of x, the beade firſt ſer to this place, and then moued to the 
line of declination, ſhall there ſhew the declination of the 
Sunne at that time to be 21 gr.from the equator, 


2 The 
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2 The declination of the Sunne being giuen, 
r 


Let the thread and beade be firſt laid to the declination, 
and then moued to the Ecliptique. 

As if the declination be 24 ęr. the beade firſt ſer to this de- 
clination,and then moued cv the ecliptique, ſhall chereſhew 
the fourth of E, the fourth of 7,the 26 of , and the 26 of Wz 
and which of theſe foure is the place of the Sunne, may ap- 
peare by the quarter of the yeare. 


CHAp. V. 
Of the circle of Monet hs and Dayes. 


TY circle is here repreſented by the arke, figured wich 
theſe letters, I, E, A, A, Au, & c. ſigu itying the monerhs 
Ianuary, February, March, April, &c. each moneth being di- 
_ vacqually, according to the number of che dayes that 
are therein, 


1 The day of the moneth being given, to find the alli- 
S$nde of the Sanne at noone. 


Let the thread be laid to the day of the moneth, and the 
degrees which it cutteth in the Qadrant ſhall be the meri- 
dian altitude required. 

As if the day giuen be the 15 of May, the thread laid on 
this day ſhall cur 59 gr, 30 . in the quadrant, which is the 


meridian altitude required. 


2 The meridian altitude being given to finde 
the day of the moncth. 


The thread being ſer to the meridian altitude, doth alſo 
fall on the day of the moneth. 
W cc 2 As 
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As if the altitude at noone be 539 fr. 30 m. the thread be- 
ing ſet to this altitude, doth fal on the 1 ö day of May and the 
9 of Iuly; and which of theſe two is the true day, may be 
knowne by the quarter of the yeare, or by another dayes ob- 
ſeruation. For if che altitude proue greater, the thread wil fall 
on the 16 day of May and the 8 of fuly : or if it proue leſſer, 
the thread will fall on the 14 of May and the 10 of Iuly; 
wheteby the queſtion is fully anſwered, 


CHAP. VI. 
Of the Houre-lmes. 


TY arke which isdrawne vpon the center of the qua- 
drant by the beginning of declination, doth here repre- 
ſent the equator: that arke which is drawne by 23 gr. 30 *. 
of declination, and is next aboue the circle of moneths and 
dayes, r —— the tropiques: thoſe lines which are be- 
tweene the equator andthe trop ques, being vndiuided and 
numbred at the equator by 6. 7. 8. 9. 10.1 1. Iz. at the tropique 
by 1. 2.3. 4. & c. do repreſent the houre- circles: that which is 
drawne from 12 in the equator to the middle of June, repre- 
ſenteth the houre of 12 at noone in the Summer; and thoſe 
which are drawn with it to the right hand, are for the houres 
of the day in the Summer, and the houres of the night in the 
Winter. That which is drawnefrom t 2 in the equator to the 
middle of December, repreſenteth the houre of 12 in the 
Winterzand choſe which are drawne with it to the left hand, 
are for the houres of che day in the Winter, and the houres 
of che night in the Summer; and of both theſe, that which is 
drawne ſrom 11 to 1, ſerues for 11 in the forenoone, and 1 
in the afrernoon. That which is drawne frõ 10 to 2, ſerues for 
10 in the forenoon,& à in the afrernoon:for the Sun on the 
ſame day is about the ſame height two houres before noon, 
as two houres after noone, The like reaſon holdeth for the 
reſt of the houres. 


1 The 
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1 The diy of the moneth, or the height at noont being 


knowne, to finde the place of the Swune 
in the Ecliptique. | 


The thread being laid to the day of the moneth, or the 
height at noone, (for one giues the other by the former pro- 
oſition) marke where it crotſſeth the houre of ia, and ſer the 
Pead to that interſection then moue the thread till the bead. 
fall on the ecliptique, and it ſhall fall on the place of the Sun. 
As if the day giuen be the 15 of May, or the meridian al- 
titude 39 gr. 30 m. lay the thread accordingly, and put the 
bead to the interſection of the thread with the houre of 12; 2 
then moue the thread till the bead fall on the ecliptique, and 4 
it ſhall there ſhew the fourth ot ITT, the fourth of x, the 26 of 
S, and the 26 of W; and which of theſe is the place of the 
Sunne, may appeare by the quarter of the yeare, or another { 
daycs obſeruation. | 4 


2 The place of the Sun in the Ecliptique being knowne, | 
— — | 


Let che thread and beade be firſt laid on the place of the * 
Sunne in the Echptique, and then moued to the line | 
of 12, 

As if the place of the Sunne giuen be the fourth of E, che 1 | 
bead being laid to this degree, aud then mouedro che houre 
of 12, in the Summer, the chread will tall on the 15 day of 
May, and the ꝙ of [uly; or if it be moued to che houre of 12 
in che Winter, che thread wil tall on the s of Ianuary andthe 
16 of Nouember; which of theſe is the day of che moneth re- 
quired, may appeare by che quarter of rhe yeare. | 

In this and che former propolicions, you haue two .wayes "p 
to rectiſie the bead by che place of the Sunne,and by the day WT. 
of the monethʒ the better way is by che place of the Sunne, *\ 
for in che other the Leap-ycare-may breed ſome {mall diffe- 17 


rence. 9 


cc 3 There , 
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There is yet a third way. For the Sea-men having a table 
for the declinayon on each day of the yeare, may ſet the bead 
thereto in the line of declination. 


3 The houre of the dey Seinggines to find the altitude 
of the Sunne abene the horizon. 


The bead being ſer for the time by either of the three ways, 
let the thread be moued from the houre of 12 toward the 
line of declination, till the bead fall on the houre giuenʒ and 
the degrees which it cuts in the Quadrant,ſhall ſhew the alti- 
tude of the Sunne at that time. 

As if the time giuen be the tenth of April, the Sunne be- 
ing then in the beginning of x, the bead being rectiſied, you 
ſhallfinde the height at noone 30 gr. o m. at ii in the mor- 
ning 48 gr. 12 m. at 10 but 43 fr. 128. at 9 but 36 fr. at 8 
but 27 fr. o. at 7 but 18 fr. 18 . at g but g gr. at 5 it 
meeteth with the line of declination, and hath no altitude at 
— therefore you may think it did riſe much about that 

oure. 

Then if you moue the thread again from the line of de- 
clination toward the houre of 12, you ſhal find that the Sun 
is 8 gr. 33. below che horizon arg in the morning, & neare 
16 gr. at 3, and 21 fr. 3 iN. at 2, and 25 gr 40. ati, and 27 
gr. at midnight. 


The altitude of the Sunne being ginen, to finde 
: — oh 


The altitude being obſerued as before, let the bead be ſet 
ſor the time, then bring the thread to the altitude, ſo the 
bead ſhall ſhew the houre of the — 

As ii the 10 of April bauing ſer the bead for the time, you 
ſhall finde by the quadrant, the altitude to be 36 gr. the bead 
at the ſame time will fall the houre · line of g and 3: 
wherctore the houre is g in the forenoone, or 3 in the aſter- 
noone. If che altitude be neare 40 fr. you ſhall find the bead 


at 
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at the ſame time to fall halfe way berweene the hourc-line | 
ofgand 3, and the houre- line of to and 2: wherefore it j 
muſt be either halſe an houre paſt 9 in che morning, or halfe th 
an houre paſt 2 in the aſternoone and which of chile is the 5 
true time of the day, may be wor@#knowne by a ſecond ob- 1 
ſeruation: for it the Sunne riſe higher, it is the forenoone; if ! 
it become lower, it ische afternoone. 


5 The houre of the night being — find hom much 
the Sunne is below the horizon. | 


| 
| 
| 
The Sunne is alwayes ſo much below the horizon at any | 
houre of the night, as his oppoſite point is aboue the hori- 4 
zon at the like houre of the day; and therefore the beade be- 
ing ſet, if the queſtion be made of any houre of the night * 
in the Summer, then moue it to the like heure of the day 4 
in the Winter if of any houre of the night in Winter, then 1 
moue it to the like houre of the day in Summer; fo the de- 7 
es which the thread cutteth in the Quadrant ſhall ſhew | 
much the Sunne is below the horizon at that time. | 
At iſ it be required to know how much the Sunne is be- | 
low che horizon che 10 of April at 4 of the clock in the mor- 
ing; the bead being ſer to his place according to the time 
in the Summer houres, hring it to 4 af the clocke in the at- $1 
ternoone in the Winter houres, and ſo ſhall you finde the 'F 
thread to cut 8 gr. and about 30m.in the quadrant z and ſo 
much is che Sunne beloy the horizon at that time. i 


6 The depreſſion of the Sunne ſuppoſed,te give the boure - | 
of the night with vs, or the houre of the diy 
to our Antipodes, | 


Here alſo becauſe the Sun is ſo much aboue the horizon 
at all houres of che day, as his oppoſite point is below the ho- 
rizon at the like houre of te night therefore firft ſet the ] 
bead according to the time, then bring the thread to the de- 
gree of the Suns depreſſion below che horizon, fo — 
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bead fall on the contrary houre-lings, and there ſhe the 
houre of the night in regard of vs, & hich is tho like houre of 
the day to our Antipodes, 
As if the 10 of April the Sunne being then in the begin- 
ning of d, and by ſuppoſi@on 8 gr. 30 m. below the horizon 
in the Eaſt, it be required to know what time of the night 
it is; firſt ſer the head according to the day in the Summer 
houres, then bring the thread to $ gr. 30 . in the quadrant, 
ſo ſhall the bead fall among the Winter houres, on the line 
of 4 of the clocke in the afternoone :-wherefore to our Anti- 
es it is 4 of the clocke in their aſternoone, and to vs it is 


then 4 of the clocke in the morning. 


7 The time of the yeare or the place of the Sunne 
being giuen,to find the beginning of day- 
' — end of twi-tight. 


This propoſition differeth little from the former: for the 
day is ſaid to begin to breake, when q Sun cometh to be but 
2 8 gr. below our horizon in the Eaſt, and twi- light to end 
when it is gotren 18 gr. below the horizon in the Weſt : 
wherefore let the be ſet for the time, and then bring 
the thread to 18 gr. in the quadrant, ſo ſhall the bead fall on 
the contrary houre - lines, and there ſhew the houre of twi- 
light as before. 

So if it be required to know at what time the day begins 
to breake on the tenth of April, the Sun being then in the 
beginning of x firſt ſet the bead according to the time in 
the Summer houres, and then bring the thread to 18 gy. in 
the quadrant, ſo ſhall the bead fall among the Winter houres 
a little more then a quarter before 3 in the morning; and 
that is the time when the day begins to break vpon the tenth 
of April. | 

CHAP, 


— 
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CHAP. VII. 

Of the Horizon. 
THe Horuon is here x eſenced by the arke drawne; 
from the begining of dedination the cad of 


February, diuided vnequally, and numbred by 20. 20. 30.40. 


1 Theday of the moneth,or the place of the Sunne be. 
ing knownt, to finde the amplitude of the 
Sonne riſing and ſeiting. 


Let the bead re ctified for the time, be brought to the ho- 
rizon, and there it ſhall ſhew the amplitude required. 

As if the day given be the x5 of May, the Sunne being in 
the fourth degree _ _ bead ye and — to the 
horizon, ſhall there fall on 35 fr. S . ſuch is the amplitude of 
the dunnes riſing from the Eaft, and of his ſetting from the 
Weſt z which amplitude is alwayes Northward when the 
Sunne is in the Northerne Signes, and when he is in the 
Sourhward Signes alwayes Southward, 


vi ag ops place of the Sunne 
— 22 


Let che bead rectiſied for the time, be brought to the ho- 


on, ſo the degrees cut by the thread in the quadrant, ſnall 
ſhew the difference of aſcenfions, . 

As if the day giuen be the 14 of May, the Sunne being in 
the fourth degree of E, let the bead bereftified and brought 
to the horizon; ſo ſhall the thread in the quadrant ſhew the 
aſcenſionall difference to be 28 grand about 30 wv, 


Vpon the aſcenſionall difference depends this Corollatie, 
3 d d ou” 


216 To findthe boure of rhe night by the ſtarres. 

To find the houre of the riſing and ſetting of the Sun, 

and thereby the length of the day and night. 

The time of the Sunnesrifing may be gueſſed at by the 
$ of the laſt Cap. but here hk aſcenſionall difference it 
may be better found, and that to a minute of time. For if the 
aſcenſionall difference be conuerted into time, allowing an 
houre for 15 gr. and 4 minutes of an houre for each degree, 
it ſneweth how long the Sunne riſeth before ſix of the clock 
in the Summer, and after fix in the Winter. 

As if the day giuen be the 15 of May,the Sunne being in 
the fourth of it, and his aſcen(jonall difference found as be- 
fore 28 gr.50 mw, this conuerted into time, maketh 1 bo, and 
ſome hat more then 55 1. of an houre: wherefore the Sun 
at that time, in regard it was Summer, roſe 1 be. and full 35 m. 
before 6 of the clockeʒand ſo hauing the quantitie of the ſe- 
midiurnall arke, the length of the * and night need not 
be vnknowne. | wT 


CHAP. VIII. 


Of the fine Starres. 


Might haue put in more Scarres, Bur theſe may ſulfite for 

] the finding of the houte of tho night ar all times of the 
yeare: and firſt I make choice? of — 7 a ſtarre in the 
extremitie of the wing of Pegaſw,in regard it wangs hut 6 mi- 
nutes of time ofthe beginning of V; but becauſe it i but of 
the ſecond magnitude, and not ahvayes to be ſeene, k made 
choice of foure more, one for each quarter of the Eclip- 
eique,asof Ocalius ts the Bulseye,whoſe right aſcenſion con- 
uerted into time, is 4 9.15 w;then of Cer N che Lions heart, 
whoſe right aſcenſion is 9 bo:48 m; next of Ar Hur, whoſe 
right aſcenſion is 1 3\H.58'm; and laftly of Fquila, ot the 
Vulrures heart, whoſe right aſcenſion is 19 H.33 w. Theſe 
fue ſtarres haue all of them Northern declination; and if any 
others, ſome of theſe will be ſeene at all times of the on 
e 


To find the loure of the night by theftarres, mr 
The vſe of chem is, | 
The altitude of any of theſe fine Starres bei knowne, 
to find run ter og 


Firſt put the beade to the ſtatre which. you intend to ob- 


ſerue, take his altitude, and finde how many houres he is 
from the meridian by the fourth Pr ot che (nec Ch then 
out of the right aſcenſion of the ſtarre, take the right aſcen · 
ſion of the Sun conuerted into houres, and marke the ditfe- 
rencey for this difference being added to the obſerued hour 
of the ſtarre from the meridian, ſhall ſnew how many houres 
the Sunne is gone from the meridian, which is in effect the 
houre ut che night. 

As if che 15 of May, the $unne being in the fourth of 2r, [ 
ſhould ſer the beade ro AHrctarm, an obſcrumg his altitude 
ſhould find him to be in the Weſt about 32 gr. high, and the 
beade to fall on the houre-line of 2 afrernoone, the houre 
would be 11 bo,50 m.paſt noone,or 10 . ſhort of midnight. 

For62 gr. the right aſcenſion of the 3 — in- 
to time, makes 4 be.8 mw. which if we rake out of 13 h. 58 m. 
the riglit aſcenlion of Artur, the diſference will be 9 ho. 
vo m. and this being added to 2 ho. the obſerued diſtance of 
«Ar Bvrus from the meridian, ſhewes the houre of the nighe 
to be 11 bo. 50 . Another example wil make all more plaine. 
If the 9 of the Sunne being then in 26 gr. ot S, I 
ſh- uld ſer the e to Oe d, and obſcruin oh s altitude 
ſhould find him to be in the Eaſt about 12 fr. high, aud the 
bead to fall on the houre-line of 6 betore noone, which is 
18 bo. paſt the meridian, the houre of the night would be 
better then a quarter paſt 2 of theclocke in the morning, 
For a1 engl iſcenllon of the Sun, conuerted into 


time, makes 7 hg j this CAE n out bf he. 15 . the xiglit 
aſcenſion of Ocualus x, adding a whole circle, (tor otherwiſe 
there could be no ſubſtraction) the difference will be 20 be, 
23 m. and thisbeing addedto ig he,which waz ꝛlie obſcrugd 
diſtance of Ocala & rom che 1 ſhe wes e 
N 2 (aba - 


— 
0 


— — 
— 
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(abating 24 bo. for the whole circle)is 14 men the me- 
ridian, and therefore 23 w.paſt 2 of che clock in the morning. 


CHAP. IX. 
Of the Azimuth lines. 


—_— lines which are drawne betweene the equator and 
the tropiques, on that ſide of the quadrant which is nea- 

reſt vnto the fights, and are numbred by 10.20.30. &c. doe 
repreſent the arimuthis, the vttermoſt to the left hand repre- 
ſenteth the meridian , that which is numbred with 10 the 
tenth atimuth from the meridian, and that which is num- 
bred with a0 the twentith, and ſo the reſt, Thoſe lines 
whichare drawne from the equator to the left hand, doe 
ſhew the azimuch in the Summer; and thoſe other to the 
right hand, do ſhewrhe ſame in the Winter. The vſe of them: 
15, 


1 The azimuth whereon the Sunne beareth from vs 
being knowne, to find the altitude of the Sun 
abou the horizes. 
Firſt let the bead he (et forthe wers in the former Chap- 


ter, then moue the thread vntill the bead fall on the azi- 
much ſo the hy which the thread * in the qua- 


drant,ſhall ſhew the altitude of the Sun at ghutime. Where 
you are to obſerue, that ſeeing che aximuths ate draw ne on 
the right fide of the quadrant, you are alſo to begin to num- 
ber the degrees of the dunnes altitude from the right hand 
toward the left. As if the ſights had been ſer on the fine AB, 
and you had turned your right hand cowards the Sunne in 
obſcruing of his altitude, contraty to our practiſe in the for- 
mer _— ; 

As if che time giuen were the 2 of Auguſt, when the Sun 
hath about 15 gr.of North declination, you may ſet the bead 
ſet che time, ſo you ſhall find the height at noone when the 


— 


_— —ům __ 
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Sunne is inthe South, to be 5 3,985.39 A when he is 10 
from the South 33 gr. io a. when ag he about 527.8 wy. 
when zoęr. then 0 gr.20.m, when g grathen 47 £7.43 . 
when 30 gr. then 41 fr. 1 when e then 39 f 39 . 
vrhen detechg. 33 £7.59 w, when $5 gr.chen zy gr. when 
he is in the Eaſt or Weſt ge gr. ſtom the meridian, then is the 
height neare 19 gr. 20 my when he comes to be 100 gr. then 
11 gr. 13m. When 110 gr. chen ꝗ fr. a and before he com- 
meth to the azimurh of 120 gr. he hach no altitude. For the 
Sunne hauing 15 gr.of North declination, will riſe and ſer at 
114 fr. 34. from che meridian. | 


. 
dl * 
11 


2+ The altitude Fthe Shine ba o dds nd 
jaguar Fader porous art. 


Let the beade be ſer for che time, and the altitude obſer- 
ned as before z then bring the thread to the complement of” 
chat altitude, ſo the bead (hall ſhew the azimurh required. 

As if the ſecond of Auguſt, hauing ſet the beade for the 
time, you ſhall find the atrirude ofthe Sun to be 19 gr. 20 . 
remoue the thread vnto 0 gr.40 *. the complement of the 
altitude yz or, which'is all one, to 29 fr. 10 mv. from the right 
hand coward the left, and the bead wall fall on the lol 90 
gr. from the meridian. And therefore the point whereon the 
Sunne beareth from vs, is one of rheſe two; either due Eaſt 
or due Weſt . And which of theſe isthe . true point of the 
compaiſe, may be ſoone knowne by a ſecond. obſeruation: 
for if the Sun riſe higher, it is che forenoone j if it be lower, 
it is the afternoone. 

By knowing the azumuch or point of the compaffe wWhereon 
cke Sunne beareth from vs, it is cafte to finde, 


A meridian line; and thetebyx/x . 
The coaft ing ofthe Countrey: | 
The ſite of « building. 
The variation of the Compaſſr. 
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214 The vſe of the Quad. 
As if the ſecond of Auguſt in the afternoone,] ſhould find 

by the height of the Sunne that he beares from nic 60 gr, 

from the tieridian towutd the Weſt; then there beiti go 4 | 


rot 


— to each quarter, the Weſt will be 36 £6 
right che Eaſt is oppoſite to the Weſt, the North and 

South lie equally betweene them. 50 
ih  CCI:00) 2:01 * T | . } 14 Vo 
SAA. TT R290 7 


O the Quadrat. 
* 
1 He Quadrat hath two ſides _— the other two fides 
next che Center PPS aſed ro be dinided, cach 
of them into We. 17 | 1 ee which 


is next the hotizohtall line containes the parts ol right ſha- 
dow, the other next che ſights, che parts ot contrary thadow. 


The vſe of the Quadt s, 
I A point beings 
leue 


ics, to finds whether it le 
with che eye. 


Lift yp the cente vadrant, ſo as the thread with 
Gere e d e c ben ate 
through the ſights to the p ce giuen; for now if the thread 
ſhall fall on 4 B the horizoncall line, then is the place giuen 
leuel with the eye: but if it hal fal within the ſaid — on any 
of the diuiſions, then jr is highetʒ if without, then ic is lower 
then the leuell of che exe. | 


; 


2 , To find an height cboue the level of the ge, er 
4 Adiſlance at one ob ſernation. 


Looke through the ſights ro the place, going uearet or 
farther from it, till the thread fall on los parts in the quadrat 
or 45 gr. in the quadrant, ſo ſhall the height of the — 2 
boue the leuell of the eye, be equall to the diſtance between 
the place and the eye. D we 
IA che thread fall on 30 parts of a right ſhadow, the height 

is 


is but halfe che diſtance: if it fall on 25; it is a quarter of the 
diſtance:t on 7g, 5 chree quarters of the diſtance. For as oft 
u the thread fallerh on the parts of right ſhadow, 


As tod to the party on which the thread fallech: . 
So is the diſtagce ro che height requiged, | , 
Andonthe contray rn * 
As the cut by the thread are to 100 
So che beighe vnto the diſtance. | 
aterhen che chread (gl fall op che parcs of contrary ſba- 
2 1 99,52 pantsthe lirighet3-ddoblen edi 
A 1 — — os diſtance. Ford — 
thethread fallech on the parts of contrary ſhadow, 
Asche parts cut by chie thread are vnto 100: 
So ischa diſtance vnto the heigui -. 
And on che contrar r, 0 
As 100 are vnto the parts cut by che thread: | 
- * -Soisrhehtight vnto the diſtance. l 


ad what) ke fajg of the Height and difincegthe fa ts 
e gabe MPWao je. * 1 f 


3 Tofind abeight or 4 diff ance at two obſers ations. 2 
As if the place which is to be meaſured might not ocher- £ ſ | 


wiſe 


ing meaſured, were found to be 30. 


. ng Ch.” 
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Kae Add, the height I 
Or if Foubnotmake choree of ſuch ſtꝛtions, 
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